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A NEW CYSTOID FROM THE ORDOVICIAN 
OF OKLAHOMA 


E. B. BRANSON AND RAYMOND E, PECK 
University of Missouri, Columbia, Missouri 





ABsTRACT—An exceptionally well preserved representative of the Diplorita from 
the Bromide formation of Oklahoma is figured and described. The species is re- 
ferred to a new genus, Eumorphocystis, and to a new family, the Eumorphocyst- 


idae. 





pee DISCOVERY by the senior author of a 
well preserved cystoid with nearly twice 
as many plates as any hitherto recorded, led 
the writers to describe and figure it. It was 
collected from the Bromidé formation which 
contains many cystoid plates but few com- 
plete specimens. The specimen was almost 
clean when taken from the shaly matrix and 
the only injuries incurred during the later 
cleaning was in the breaking of two of the 
deltoid spines. Three expeditions to the 
same locality have been made for the pur- 
pose of securing more specimens, but not 
even one identifiable plate of this genus has 
been found. 

The illustrations are retouched photo- 
graphs and were prepared by Vaona H. 
Peck. 


Phylum ECHINODERMA 
Class CYSTOIDEA 
Order DIPLOPORITA 
Family EUMORPHOCYSTIDAE Branson and 
Peck, new family 


Diplorita in which five sub-symmetrical 
food grooves radiate from the mouth to the 
outer edge of the oral surface, and thence 
extend onto the arms. The food grooves are 
on alternating adambulacrals, most of which 
are arm-bearing, and each ends on a radial. 
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Diplopores numerous and present on all 
calyx plates except the deltoids. 


Genus EumorpnuocystIis Branson and 
Peck, new genus 


Calyx elongate, sub-cylindrical, possess- 
ing a well developed stem facet, four basals, 
several hundred small polygonal diplopore- 
bearing plates, five small imperforate del- 
toids, and five small diplopore-bearing 
radials. The ambulacra are composed of 
adambulacrals, brachials, and small cover 
plates. The mouth is central, the anal open- 
ing is on the right side in the posterior inter- 
radius, and the genital opening is about 
half-way between the mouth and the anal 
opening just outside of the anal deltoid. 


EUMORPHOCYSTIS MULTIPORATA Branson 
and Peck, n. sp. 
Plate 13, figures 1-7 


The calyx of the holotype is 51 mm long 
and slightly less than 29 mm in maximum 
diameter. It consists of a prominent stem 
facet, four fairly large basals, five small 
diplopore-bearing radials, five small spine- 
bearing imperforate deltoids, a variable 
number of adambulacrals, and more than 
500 small polygonals diplopore-bearing 
calyx plates. The sides of the calyx diverge 
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gradually from the stem facet to above mid- 
height, and thence converge to the proximal 
ends of the ambulacra where they turn 
sharply inward toward the centrally situ- 
ated mouth to create a rounded summit. On 
the calyx are a fairly large oblong mouth 
opening at the center of the oral surface; an 
anal opening in an inflated area near the 
edge of the oral surface on the right side of 
the posterior interambulacrum; and a small 
genital opening halfway between the anal 
opening and the mouth and just back of the 
proximal edge of the anal deltoid. 

The four basals are sub-pentagonal in 
shape and are the largest plates ot the calyx. 
On the holotype their respective dimensions 
are: 4.2 mm long by 7 mm wide, 3.6 mm 
long by 6 mm wide, 3.5 mm long by 5.3 
mm wide, and 3.6 mm long by 4.9 mm 
wide. The smallest plates adjoin and are 
situated on the anterior and right anterior 
sides of the calyx. The only diplopore on the 
basals is on the distal side of the medium 
sized plate, but several diplopores are pres- 
ent on the sutures at the distal ends of the 
basals. 

The main part of the calyx is composed of 
small thick polygonal plates which are ir- 
regular in size and a variety of shapes. They 
range in diameter from less than 1 mm to 
almost 3 mm and are about 1 mm thick. 
All but a few of the smallest plates bear 
diploporesand on mostof them, diploporesare 
numerous. Scattered heterogeneously over 
the calyx, but chiefly in the distal third, are 
plates that have few diplopores, some of 
them one, but as many as 15 pores, averag- 
ing 0.3 mm in diameter, are present on some 
of the largest plates. On many of the 
plates three to seven ridges originate at a 
central tubercle and radiate out toward the 
edges. 

At the distal ends of the interambulacral 
areas and closely surrounding the mouth 
opening are five small imperforate deltoid 
plates, four of which are triangular in shape, 


but the one in the anal inter-radius is quad- 
rangular and protrudes into the mouth 
opening more than any of the others. This 
protrusion makes the mouth oblong and 
slightly disturbs the pentameral symmetry 
of the ambulacral system. On the proximal 
edge near the middle of each deltoid is a 
strong spine that curves inward over the 
mouth. The only unbroken spine is 2 mm in 
length. The parts of the deltoids not bearing 
the ambulacral grooves are almost smooth, 
but on each a series of fine ridges radiates 
out from the spine. 

Five well organized ambulacra radiate 
from the mouth to the outer margin of the 
oral surface, from which the food grooves 
are prolonged onto a variable number of 
small arms. The ambulacra originate on 
platforms built up of several small plates 
that rest on the upper edges of the radials, 
pass over the inner edges of alternating 
adambulacrals and thence on apposed edges 
of the deltoids to the mouth. The areas are 
slightly depressed from the mouth to the 
outer edge of the oral surface, but where the 
calyx turns sharply downward the food 
grooves extend almost horizontally on the 
platforms. 

The ambulacra are subequal in size and 
shape, and bear about the same number of 
arms, but each is somewhat different from 
every other. None of the ambulacra is com- 
plete and near the proximal edges broken 
and irregular surfaces indicate that arm- or 
supporting-plates are missing. 

Resting on the distal end of the anterior 
radial are two quadrangular adambulacral 
plates which conform to the regular curva- 
ture of the calyx, serve as flooring plates for 
the ambulacral areas and as supports for a 
radially situated plate that rests partly on 
them and partly on the faceted distal end of 
the radial. This plate may have borne a 
terminal arm. The two proximal adam- 
bulacrals differ in length, thus initiating an 
alternating arrangement of the plates that 





EXPLANATION OF PLATE 13 


Fics. 1-7—Eumorphocystis multiporata Branson and Peck, n. gen. and n. sp. /, 3, 5, 7, Anterior 
basal, summit and left posterior views of the holotype, X14; 2, Right anterior view, 
slightly tilted to show details of ambulacra and construction of platforms for support of 
ambulacra, X24; 4, Proximal portion of right posterior ambulacrum showing details of 
food groove and arm facets, X9; 6, Left anterior ambulacrum showing details . —_ 

p. 


plates covering food groove, X8. 
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continues the entire length of the ambula- 
crum. Against the ends of the first two 
adambulacrals and in line with them are 
two nearly square adambulacrals, each of 
which bears on its upper side another plate 
that probably functioned as a brachial and 
bore an arm. On the distal ends of these 
adambulacrals are two arm-bearing adam- 
bulacrals. The one on the right is short, al- 
most square and bears on its distal end a 
long, somewhat triangular, arm-bearing ad- 
ambulacral that narrows almost to a point 
at its distal end where it abuts against the 
proximal edge of the R A deltoid. The plate 
on the left is fairly long, somewhat triangu- 
lar, and narrows almost to a point where it 
joints the next arm-bearing adambulacral 
distally. This triangular adambulacral at- 
tains its greatest width near mid-length 
where it bears a well developed arm-facet, 
and narrows almost to a point where it 
joins the proximal edge of the L A deltoid. 
The anterior adambulacrum has four well de- 
veloped arm facets preserved, but some of 
the plates near the proximal border are lost. 
It probably possessed at least six arms, and 
possibly eight. 

In as far as can be determined the R A 
ambulacrum was like the anterior except 
that the proximal arm-bearing adambulacral 
on the left side is quadrangular and does not 
narrow appreciably at its distal end. 

The L A ambulacrum has several of the 
supporting plates preserved near the proxi- 
mal portion; the distal adambulacral on the 
left side does not have an arm facet; the food 
groove is covered with two rows of small 
plates which alternate in position; and one 
small concave arm plate is preserved on the 
distal adambulacral plate on the right. The 
supporting plates near the proximal border 
are of unequal size and shape and are 
wedged together to give a rigid support. The 
proximal arm-bearing adambulacral has two 
arm facets, a large one on the outer edge, 
and a much smaller one on the inner side. 
This area has only four arm facets pre- 
served, but the arrangement and distribu- 
tion of the proximal plates indicate that it 
possessed a minimum of six arms and possi- 
bly several more. The distal adambulacral 
on the left side has a row of small, shallow 
pits along its outer margin. The pits are con- 
nected along their inner side by a shallow 


groove that seems to have no opening into 
the main food groove. 

The L P ambulacrum has more plates pre- 
served than any other area. The adambula- 
crals are the same in number and arrange- 
ment as in the anterior areas. The distal 
adambulacral adjoining the anal inter-radius 
has no arm facet but bears a number of 
small pits connected on their inner sides by 
a shallow groove that leads into the pit at 
the base of the arm facet on the adjacent 
adambulacral on the proximal side. This 
distal adambulacral also bears two diplo- 
pores on its outer side. Small sub-cubical 
plates at the proximal portion of the am- 
bulacrum form a rigid supporting structure. 

The R P ambulacral area differs from all 
others in that there rests on the distal end 
of the radial a single plate, radial in position, 
and on its distal end are the two proximal 
adambulacrals. These adambulacrals are 
equal in size and bear on their distal ends 
two adambulacrals of unequal length—the 
larger one bordering the posterior inter- 
radius. Next in line are two arm-bearing 
adambulacrals of unequal size, both square 
in outline. On the side bordering the anal 
inter-radius the next distal adambulacral is 
square and does not bear arms, but does pos- 
sess diplopores. On its distal end is another 
quadrangular diplopore-bearing plate that 
joins the proximal end of the anal deltoid. 
The proximal adambulacral on the right is 
small and has the upper surface almost en- 
tirely covered by the arm facet. On the 
distal end it bears a somewhat larger, 
quadrangular, arm-bearing adambulacral. 
Next in line is an elongate, triangular, non- 
arm-bearing adambulacral that extends to 
the deltoid. This plate bears the small pits 
with the accompanying groove that leads 
into the mean food groove and also into the 
proximal arm pit. 

The arm facets have two pits separated 
by a low ridge. The interior of the facets is 
about three-fourths of a millimeter wide and 
each of the divisions is a little more than 
one-fourth of a millimeter wide. Some of 
them are more than one-fourth of a milli- 
meter deep. A groove passes along the top 
of the ridge and opens into the ambulacrum. 

From each pit of each facet, excepting the 
distal, a groove connects with the nearest 
pit of the adjacent facet. From the distal 
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facet a groove runs toward the mouth, 
parallel to the ambulacral groove, and in 
some areas continues to the spine on the del- 
toid. 

Occurrence.-—Upper Cystoid zone, about 
170 feet above the base of the Bromide for- 
mation of the Simpson group (Middle Ordo- 
vician) in a road cut on Oklahoma State 
Highway 90, just west of the center of Sec. 
12, T.1N., R.6E. 

Holotype-——Catalog number 6757, Uni- 
versity of Missouri. 

Remarks.—The description is based en- 
tirely on the holotype which is remarkably 
well preserved, but has been somewhat com- 
pressed, making it impossible to determine 
the exact diameter. 

Systematic position—The advisability of 
making a new family for the genus Eu- 
morphocystis may be considered question- 
able. An alternate procedure would be to 
emend the definition of the Protocrinitidae 
to include this genus. In Bather’s (Bather, 
1900) classification of the Diplorita the 
main family characters are the extent and 
position of the food grooves, the position of 
the diplopores, and the radial symmetry. 
The Protocrinitidae possess long branching 
food grooves bordered by adambulacral 
plates and the diplopores are confined to the 
adambulacrals or are diffuse. The family 
Mesocystidae differs from the Protocrinit- 
idae in the possession of deltoids and in 
having the diplopores confined to the inter- 
ambulacrals. Bather considered that the 
Mesocystidae are an advance over the Proto- 
crinitidae in the direction of the blastoids. 
Springer (Springer, 1913) combined these 
two families under the Protocrinitidae, on 
the basis of long food grooves bordered by 
adambulacrals. Eumorphocystis differs from 
all members of the Protocrinitidae in having 


more perfect pentameral symmetry with 
differentiated basals, radials, and deltoids: 
and in having short ambulacral areas with 
the food grooves extending onto well organ- 
ized arms. The only adambulacrals of Eu- 
morphocystis which bear diplopores border 
the anal area in the R P ambulacrum. 
According to Bather’s classification the 
Diplorita, in which length and organization 
of the food grooves play an important part, 
grade gradually toward the blastoids until, 
in the Asteroblastidae, pentamerous sym- 
metry is well established and they 
always show defined basals (B), and a distinct 
plate (radial R) at the end of each ambulacrum; 
they are in all cases so far affected with pentam- 


erous symmetry that their sutures never cross 
the ambulacra (Bather, p. 78, 1900). 


In addition Asteroblastus has well organ- 
ized ambulacra, with 
alternating plates, bordered by sockets for the 
attachment of brachioles. (Ibid.) 
Eumorphocystis has the required degree of 
symmetry to be classified with the Proto- 
blastoidea but the ambulacral areas in no 
way resemble those of a blastoid. On the 
contrary, the short food grooves, confined to 
the oral surface and terminated by a distinct 
radial, and the grouping of arms at the 
proximal ends of the ambulacral area are 
features more suggestive of crinoids than 
blastoids. The large number of diplopore- 
bearing, polygonal plates, and the food 
grooves giving off branches to small arms 
situated on the adambulacrals are distinctly 
cystoidean characters. 
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FORAMINIFERA FROM THE GRAYSON FORMATION 
OF NORTHERN TEXAS! 


HELEN TAPPAN? 
Walker Museum, University of Chicago, Chicago, Illinois 





ABSTRACT—Ninety species of Foraminifera are herein described from the early 
Cretaceous Grayson formation of northern Texas and southern Oklahoma, repre- 
senting more than twice the number of species hitherto listed from this formation. 
This fauna includes one new genus, 32 new species, and one new variety. Thirty- 
nine species of the family Lagenidae were found, with 10 of the Polymorphinidae 
and nine of the Buliminidae. The known geologic range of the genera Pseudopoly- 
morphina, Giimbelitria and Shackoina is here extended into the Lower Cretaceous. 
The foraminiferal evidence supports that of the ammonites in dating the Grayson 
formation as Upper Albian in age, and the equivalent of the Albian of France and 


the Gault of England and Germany. 





A NUMBER of the Grayson species were 
first described in Europe, the most im- 
portant horizons and localities being the 
Gault of Folkestone, England, the Albian 
of Moncley (Doubs), France, and the Hils 
and Gault of northern Germany. This evi- 
dence supports that of the upper Grayson 
ammonite Stoliczkata in placing the Gray- 
son formation at the upper limit of the 
Vraconnian.’ Ninety species of Foraminifera 
are herein described and illustrated, repre- 
senting 45 genera and 16 families. These 
include one new genus, 32 new species, and 
one new variety. 

The writer is indebted to Professor R. W. 
Harris, under whose direction this work was 
undertaken as a master’s thesis at the Uni- 
versity of Oklahoma, for suggestions con- 
cerning the identifications, illustrations and 
descriptions of the specimens and for read- 
ing and checking the manuscript. To Dr. 
C. G. Lalicker, also of the University of 
Oklahoma, the writer is indebted for the use 
of paratypes and assistance in identifying 
the species of the family Textulariidae. The 
writer also wishes to acknowledge field as- 
sistance from her father, F. G. Tappan, and 
Alfred R. Loeblich in collecting the various 
samples and in measuring and zoning the 


1 This paper is a portion of a thesis which was 
presented to the Department of Geology of the 
University of Oklahoma, as a partial fulfillment 
of the requirements for the degree of Master of 
Science. 


2 Mrs. Alfred R. Loeblich. 


3 Scott, Gayle, 1933, XVI International Geol. 
Congress Guidebook 6, Excursion A-6, Oklahoma 
and Texas, p. 55. 


outcrops. Mr. Loeblich also assisted in pre- 
paring the material for study. 

Dr. Joseph A. Cushman, of Sharon, 
Massachusetts, examined the types, manu- 
script and plates and gave a number of sug- 
gestions many of which have been incor- 
porated in this paper. 

The holotypes and all figured specimens, 
together with a representative set of dupli- 
cates are deposited in the collection at the 
Cushman Laboratory for Foraminiferal Re- 
search, Sharon, Mass., and paratypes and 
representative specimens are deposited at 
the University of Oklahoma, Norman, 
Okla., in the Walker Museum of Paleon- 
tology at the University of Chicago (U. C. 
nos. 45000-45084), and in the writer’s col- 
lection. All species are illustrated with cam- 
era lucida drawings made by the writer. 

Description of localities—The material 
upon which this paper is based was col- 
lected from several outcrops of the Grayson 
formation of the Washita group in northern 
Texas and southern Oklahoma. As all of the 
holotypes of new species are from a single 
outcrop, only that section is presented here. 

Grayson Bluff is a high, southwest-facing 
bluff on Denton Creek, three and one-half 
miles northeast of Roanoke, two miles by 
road east of the Ft. Worth-Denton high- 
way, Denton County, Texas. This is the 
best exposed and most complete section of 
the Grayson formation to be found in north- 
ern Texas. There is a total of 60.5 feet ex- 
posed. This is the type locality for all of the 
present new species and also for the species 
Valvulineria asterigerinoides Plummer and 
Virgulina minuta Cushman. 











SECTION OF GRAYSON FORMATION AT 
GRAYSON BLUFF 

Zone Feet 

Grayson-Woodbine contact. Some- 

what obscured by wash from the 

Woodbine sand. 

1 Light gray and yellowish marls with 
thin limestone ledges in the upper 
part. Gryphea mucronata abundant. 
(Twenty-eight consecutive samples 
were taken from this zone, each in- 
cluding from one to two feet of sec- 
| rr ERS ORT arenes eee 

2 Fine-grained yellowish marl. There is 
a noticeable absence of mollusks in 
this zone. (Seven consecutive samples 
were herein obtained, averaging ap- 
proximately one and one-half feet per 
rae 

3 Very fine-grained bluish-gray marl. 
Exogyra arietina occurs toward the 
base. (Six samples were taken here, 
each comprising approximately two 
a 
Main Street-Grayson contact. The 
heavy Main Street limestone con- 
tains E. arietina, Kingena wacoensis 
and Turrilites brazoensis. 


38.5 


SYSTEMATIC DESCRIPTIONS 
Family SACCAMMINIDAE 
Subfamily SACCAMMININAE 
Genus LAGENAMMINA Rhumbler, 1911 
LAGENAMMINA PYRIFORMIS Tappan, n. sp. 
Plate 14, figures 1la—2 
Reophax ampullacea CHAPMAN, 1892 (not BRaApy, 


1884), Royal Micr. Soc., Jour., p. 320, pl. 5, 
figs. 2a—b. 


Test free, pyriform, wall apparently com- 
posed of a chitinous layer with sand grains 
attached to the surface, occasional speci- 
mens having lost the arenaceous layer so 
that the surface is smooth; short basal 
spine, which may attain the same length as 
the neck and in some specimens is ap- 
parently hollow; aperture elongate, perhaps 
due to compression, as the chamber is occa- 
sionally also somewhat compressed, neck 
very elongate, flattened; color white. Total 
length of holotype, 0.64 mm; length of neck, 
0.21 mm; maximum diameter of chamber, 
0.31 mm; minimum diameter, 0.20 mm; 
maximum diameter of neck, 0.06 mm; 
minimum diameter, 0.03 mm. 

Types.—Holotype (Cushman Coll. no. 
25010) from base of zone 3, paratype (Cush- 
man coll. no 25011) from top of zone 2, 
Grayson Bluff. 

Remarks.—This 


species is somewhat 
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similar to L. laguncula Rhumbler, but is 
more pyriform and has a basal spine. The 
neck of L. laguncula is also arenaceous while 
that of L. pyriformis n. sp. is smooth, al- 
though the sand grains may have been worn 
off as they occasionally are from the entire 
test. The species ranges throughout the 
Grayson formation. 


Family REOPHACIDAE 
Subfamily REOPHACINAE 
Genus REoOpHAX Montfort, 1808 
REOPHAX DECKERI Tappan, n. sp. 
Plate 14, figures 3a—b 


Test free, elongate, consisting of a series 
of chambers in a linear and somewhat 
curved series, adult tests usually com- 
pressed; wall rather coarsely arenaceous; 
aperture single, terminal, at the end of a 
neck which is about equal in length to the 
last chamber; reddish to white in color. 
Length of holotype, 1.06 mm; breadth, 0.39 
mm; width, 0.17 mm. 

Types.—Holotype (Cushman coll. no. 
25012) from lower part of zone 1, Grayson 
Bluff. 

Remarks.—The Grayson species strongly 
resembles R. polyeides Deecke from the 
Jurassic, but as the magnification of 
Deecke’s illustrations is not given and the 
types were not available for comparison, it 
is impossible to be certain of specific identi- 
fication. This species ranges throughout the 
Grayson formation, but is more common in 
the middle to lower part. The species is 
named in honor of Dr. C. E. Decker of the 
University of Oklahoma. 


REOPHAX MINUTA Tappan, n. sp. 
Plate 14, figures 4a—b 


Test small, rectilinear, flattened; early 
chambers low, increasing in height as added, 
all chambers depressed centrally or distally, 
perhaps as a result of collapse, periphery 
rounded and evenly lobulate; sutures dis- 
tinct, depressed, horizontal; wall medium 
to coarsely arenaceous with light gray 
cement; aperture terminal, slit-like. Length 
of holotype, 0.615 mm; greatest breadth, 
0.16 mm; width, 0.045 mm. 

Type——Holotype (Cushman coll. no. 
25013) from lower part of zone 1, Grayson 
Bluff. 

Remarks.—Reophax minuta n. sp. is 
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similar in general outline to R. bacillaris 
Brady (1884, p. 293) but differs in the much 
smaller size, centrally depressed chambers 
and greatly compressed form. The species 
occurs rather sparingly throughout the 
Grayson formation. 


Genus HAPLOSTICHE Reuss, 1861 
HAPLOSTICHE TEXANA (Conrad) 
Plate 14, figures 5a—b 


Nodosaria texana Conrad, 1857, Mexican 
Boundary Survey, vol. 1, pt. 2, p. 159, pl. 14, 
fig. 4. 

Haplostiche texana PLUMMER, 1931, Texas Univ. 
Bull. 3101, p. 124, pl. 15, fig. 1. 

Cribratina texana SAMPLE, 1932, Am. Midland 
Naturalist, vol. 13, p. 319. 


The following description is taken from 
Plummer (1931 b): 


Test large, straight or arcuate, very coarsely 
arenaceous with considerable cement insoluble 
in acid; chambers numerous, as many as 15, 
ventricose, short, stout, strongly overlapping, 
gradually enlarging from a small blunt aboral 
extremity in the megalospheric form or from a 
more acutely pointed initial extremity in the 
microspheric form; sutures transverse, dis- 
tinctly but not deeply depressed; shell wall very 
thick, labyrinthic; aperture typically cribrate at 
apex of final chamber. 


Reddish or yellowish in color. Length of 
figured specimen, 6.00 mm; maximum di- 
ameter, 1.58 mm; minimum diameter, 1.50 
mm. The length may vary up to 12.00 mm. 

Type-—Hypotype (Cushman coll. no. 
25014) from middle of zone 1, Grayson 
Bluff. 

Remarks.—The species occurs through- 
out the upper Washita and may range be- 
low, being most common in the Del Rioclay 
of southern Texas and in the Weno forma- 
tion in nothern Texas. In both of these 
formations it occurs abundantly on flaggy 
surfaces. Scattered tests are more common 
in the upper half of the Grayson formation 
of northern Texas. 


Family AMMODISCIDAE 
Subfamily AMMODISCINAE 
Genus AMMoDIscuUSsS Reuss, 1861 
AMMODISCUS GAULTINUS Berthelin 
Plate 14, figures 6a—c 
Ammodiscus gaultinus BERTHELIN, 1880, Geol. 
Soc. France, Mem., ser. 3, vol. 1, no. 5, p. 19, 
pl. 1 (24), figs. 3a—b. 
Ammodiscus gaultinus EGGER, 1899, Kén. bay. 


Akad. Wiss. Miinchen, Abhandl., Cl. II, vol. 
21, p. 16, pl. 1, figs. 1-3, 8-9, 30-31. 
Ammodiscus gaultinus CHAPMAN, 1917, Geol. 
oo Australia, Bull. 72, p. 18, pl. 1, 
g. 8. 


Test free, planispiral, discoidal, irregu- 
larly circular, especially so in the adult, 
somewhat enlarged centrally, thinner to- 
ward the edges, early portion of coil not 
visible as it produces the irregular central 
glomospirine swelling; tube increases gradu- 
ally in size, slightly overlapping the pre- 
ceding coil but not completely involute; 
periphery rounded, surface somewhat ir- 
regular, but no sutures present; wall finely 
arenaceous with much cement; aperture 
large, slightly higher than wide; color 
white. Maximum diameter of figured speci- 
men, 0.36 mm; minimum diameter, 0.31 
mm; maximum thickness, 0.10 mm; width 
of tube near aperture, 0.08 mm. 

Type.—Hypotype (Cushman coll. no. 
25015) from bottom of zone 1, Grayson 
Bluff. 

Remarks.—This species occurs in the 
middle and lower Grayson and in the Albian 
of France and in Western Australia. 


Family LITUOLIDAE 
Subfamily HAPLOPHRAGMININAE 
Genus HAPLOPHRAGMOIDES Cushman, 1910 
HAPLOPHRAGMOIDES CONCAVA (Chapman) 
Plate 14, figures 7a—c 


Trochammina concava CHAPMAN, 1892, Roy. 
Micr. Soc., Jour., p. 327, pl. 6, figs. 14a—b. 


Test free, planispiral, compressed, bium- 
bilicate, periphery slightly rounded; cham- 
bers enlarging gradually in size, six in the 
last whorl, later chambers more rounded 
giving the periphery a lobulate appearance; 
sutures radiate, distinct, depressed; wall 
finely arenaceous, aperture simple at the 
base of the apertural face of the last 
chamber; color reddish. Maximum diameter 
of hypotype, 0.63 mm; minimum diameter, 
0.43 mm; maximum thickness, 0.13 mm. 

Type.—Hypotype (Cushman coll. no. 
25016) from base of zone 1, Grayson Bluff. 

Remarks.—The Grayson species is very 
similar to that described by Chapman, but 
as only one view of the holotype was shown 
by Chapman, and as most of the Gault 
specimens are distorted, it was not possible 
to determine whether his species was tro- 
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choid, and thus a true Jrochammina, or 
whether it is really a species of Haplo- 
phragmoides. However, as he showed only 
the one view, the latter is probably the case. 
H. concava (Chapman) is somewhat similar 
to Trochammina diagonis (Carsey) in gen- 
eral appearance, but the latter is slightly 
larger and is trochoid, thus being a true 
Trochammina. 

This species ranges throughout the Gray- 
son, although it is somewhat larger in the 
lower part. It also occurs in the Gault of 
Folkestone, England. 


Genus AMMOBACULITES Cushman, 1910 
AMMOBACULITES CUYLERI Tappan, n. sp. 
Plate 14, figures 10a—b 


Test large, free, much compressed, early 
chambers somewhat evolute, the earlier 
coils being visible best when the specimen 
is dampened, about five chambers in the last 
coil, uniserial part enlarging very gradually 
and increasing in relative height as added; 
sutures straight, distinct, somewhat thick- 
ened in the coiled portion, depressed in the 
straight portion of the test; wall finely 
arenaceous; aperture narrow, linear, termi- 
nal. Length of holotype, 1.41 mm; width 
across last chamber, 0.49 mm; width across 
coil, 0.44 mm; thickness through uniserial 
part, 0.07 mm. 

Type.—Holotype (Cushman coll. no. 
25019) from upper part of zone 1, Grayson 
Bluff. 

Remarks.—This species differs from A. 
subcretacea Cushman and Alexander in the 
greater degree of compression, the more 
regular size of the chambers, the usually 
more finely arenaceous wall and the thick- 
ened and distinct sutures in the coiled por- 
tion. It is more common toward the upper 
part of the Grayson formation. The species 
is named in honor of Dr. Robert Cuyler of 
thé University of Texas. 


AMMOBACULITES GOODLANDENSIS 
Cushman and Alexander 
Plate 14, figures 8a—9 
Ammobaculites goodlandensis CUSHMAN and 
ALEXANDER, 1930, Cushman Lab. Foram. 


— Contr., vol. 6, pt. 1, p. 8, pl. 2, figs. 
-8. 


The following description is from Cush- 
man and Alexander (1930): 


Test comparatively large and stout, the earlier 
portion close coiled, later two or three chambers 
uncoiled, the earlier portion with the central 
area depressed and concave, the periphery broad 
and truncate, the peripheral portions of the 
chambers broad and raised above the general sur- 
face, uncoiled chambers somewhat nodose; 
sutures indistinct except as marked by the de- 
pressions between the chambers; wall of coarse 
angular fragments with a considerable proportion 
of light gray cement; aperture elliptical, terminal. 
Diameter up to 0.90 mm; length up to 1.20 mm. 


Length of hypotype in figure 8, 0.80 mm; 
breadth, 0.58 mm; maximum thickness 
through chambers, 0.39 mm. Length of 
specimen showing more complete uniserial 
development, 0.70 mm, diameter, 0.47 mm. 

Types.—Hypotype, fig. 8., (Cushman coll. 
25017) from the upper part of zone 1; hypo- 
type, fig. 9 (Cushman coll. no. 25018), from 
middle of zone 1, Grayson Bluff. 

Remarks.—According to Cushman and 
Alexander (1930), ‘“‘This is a large, nodose 
species, fairly common in this formation 
(Goodland) and unlikely to be confused with 
any of the other species of the genus. Most 
of the specimens are young ones still in the 
coiled stage, and adult ones showing the 
complete uncoiled test are comparatively 
rare.’’ The early coiled portion of A. good- 
landensis is similar to Haplophragmium 
rotulatum Brady in general size and outline, 
thick chambers, wide and deeply depressed 
umbilical area and coarsely arenaceous test 
differing in the angularly lobulate periphery 
and the uniserial portion of the test. 

The species is fairly common in the Gray- 
son formation as well as throughout the 
Washita and the Goodland formation. 


AMMOBACULITES TESTACEA Tappan, n. sp. 
Plate 14, figures 1la—b 


Test medium in size, irregularly elongate; 
chambers flattened in the early coiled por- 
tion, six in a complete whorl, later uniseriai 
chambers irregularly inflated; sutures fairly 
distinct in early portion, obscure in later 
portion; wall finely arenaceous in the early 
coiled stage and composed of quartz grains 
held together with considerable ferruginous 
cement, coarsely arenaceous in the uniserial 
portion, with many tests of other foram- 
inifera; aperture terminal, subrounded. 
Length of holotype, 0.69 mm; breadth across 
final chamber, 0.26 mm; width, 0.20 mm. 
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Type-—Holotype (Cushman coll. no. 
25020) from lower part of zone 1, Grayson 
Bluff. 

Remarks.—A. testacea, n. sp. is somewhat 
similar to Reophax scorpiurus Montfort in 
the character of the test, the material used 
varying from sand grains to spicules and 
small foraminiferal tests. It differs in pos- 
sessing a coiled base. The new species is 
fairly common throughout the Grayson for- 
mation. 


AMMOBACULITES VARIABILIS Tappan, n. sp. 
Plate 14, figures 12a—b 


Test elongate, compressed, early portion 
closely coiled, later portion uniserial and ir- 
regularly rectilinear; chambers increasing ir- 
regularly in size; sutures distinct, depressed; 
wall coarsely arenaceous; aperture terminal, 
elongate, probably due to compression, at 
the end of a thick neck; color reddish. 
Length of holotype, 1.115 mm; maximum 
diameter of coiled portion, 0.20 mm; maxi- 
mum diameter of uniserial portion, 0.22 mm; 
minimum diameter of uniserial portion, 0.11 
mm. 

Type.—Holotype (Cushman coll. no. 
25021) from middle of zone 1, Grayson 
Bluff. : 

Remarks.—A. variabilis, n. sp., differs 
from A. testacea Tappan, n.sp., in the much 
more evident and depressed sutures, which 
give a lobulate appearance to the test, more 
finely arenaceous test, more closely coiled 
early portion and lower, more numerous 
chambers in the uniserial portion. The 
species occurs throughout the Grayson 
formation. 


Family TEXTULARIIDAE 
Subfamily SPIROPLECTAMMININAE 
Genus SPIROPLECTAMMINA Cushman, 1927 
SPIROPLECTAMMINA AMMOVITREA 
Tappan, n. sp. 

Plate 14, figures 13a—b 


Test tiny, elongate, compressed, coil of 
early portion slightly enlarged, biserial 
stage slightly curved and of approximately 
equal width throughout, margin slightly 
lobulate to angular; chambers numerous, 
increasing in height as added, coiled portion 
consisting of approximately five chambers 
in the last whorl; sutures fairly distinct, 
depressed; wall medium to coarsely are- 


naceous, composed of clear small quartz 
grains, firmly cemented together; aperture 
a low arch at the base of the last formed 
chamber. Length of holotype, 0.45 mm; 
breadth of coiled portion, 0.11 mm; greatest 
breadth of biserial portion, 0.12 mm; thick- 
ness, 0.065 mm. 

Type.—Holotype (Cushman coll. no. 
25022) from base of zone 3, Grayson Bluff. 

Remarks.—This species is distinguished 
by the clear glassy grains which compose 
the test and by the unusually large coiled 
portion. It is similar in general outline, 
large coiled portion and parallel-sided, nar- 
row biserial portion to Spiroplectoides 
rosula (Ehrenberg) but differs in the are- 
naceous test and more nearly horizontal 
sutures. It is also similar to Spiroplectam- 
mina bentonensis Carman in general size 
and shape, but differs in the more quadrate 
cross-section and in the chambers which 
increase more regularly in height. The new 
species occurs sparingly in the lower Gray- 
son formation. 


SPIROPLECTAMMINA LONGA Lalicker 
Plate 14, figures 14a—b 


Spiroplectammina longa LALICKER, 1935, Cush- 
man Lab. Foram. Research Contr., vol. 11, 
no. 1, p. 3, pl. 1, figs. 4-5. 


The following description is from La- 
licker (1935): 


Test very elongate, slender, sides nearly 
parallel for most of the length, somewhat com- 
pressed, periphery subacute, greatest width at 
apertural end; chambers numerous, in the early 
portion coiled, and for about one-third of the 
length of the mature form very low, in the re- 
mainder of the test higher, averaging over twice 
the height of the earlier chambers, and more 
inflated and lobulate; sutures distinct, limbate, 
more so in the early portion; depressed in the 
later portion, oblique, forming an angle of 10° 
to 20° with the horizontal, more oblique in the 
early portion; wall distinctly arenaceous with 
considerable proportion of cement and rather 
smoothly finished; aperture, a high arched open- 
ing at the base of the last formed chamber and in 
a distinct reentrant in the apertural face; color 
gray. Length of holotype, 0.65 mm; width, 0.18 
mm; thickness, 0.10 mm. 


The hypotype here figured has a length of 
0.64 mm; breadth, 0.20 mm; thickness, 0.09 
mm. 

Type.—Plesiotype (Cushman coll. no. 
25023) from lower part of zone 1, Grayson 
Bluff. 











98 HELEN TAPPAN 


Remarks.—According to Lalicker (1935): 


Spiroplectammina mordensis Wickenden from 
the Cretaceous of Canada differs from this spe- 
cies by its larger initial end, by a coarsely 
arenaceous wall, by parallel sides throughout, 
and a lack of low chambers in the initial one- 
third of the test. S. longa Lalicker is also similar 
to S. gaultana Lalicker, from the Gault of Folke- 
stone, England, but differs in having higher 
chambers in proportion to their width, more in- 
flated chambers, more elongate test, sides more 
parallel, and in having a more highly arched 
aperture. 


This species ranges throughout the Washita 
group and is fairly common in the Grayson 
formation. 


SPIROPLECTAMMINA NUDA Lalicker 
Plate 14, figures 15a—16 


Spiroplectammina nuda LALICKER, 1935, Cush- 
man Lab. Foram. Research Contr., vol. 11, 
no. 1, p. 4, pl. 1, figs. 6-7. 


The following description is from Lalicker 
(1935). 


Test small, tapering, gradually expanding 
from the rounded initial end, somewhat com- 
pressed; chambers numerous, in the early por- 
tion coiled, depressed, low and broad, gradually 
increasing in height as added; sutures strongly 
limbate, straight, forming an angle of 10° to 15° 
with the horizontal; wall finely arenaceous, but 
not smooth; aperture, a low, arched opening at 
the base of the last-formed chamber. Length of 
holotype, 0.33 mm; width, 0.20 mm; thickness, 
0.08 mm. 


The larger specimen here figured has a 
length of 0.90 mm; breadth, 0.26 mm; 
thickness, 0.07 mm. 

Types.—Larger specimen (Cushman coll. 
no. 25025) from lower part of zone 1, smaller 
hypotype (Cushman coll. no. 25024) from 
top of zone 1, Grayson Bluff. 

Remarks.—According to Lalicker (1935): 
This species is characterized by its strongly lim- 
bate sutures and relatively low chambers. The 
general outline of this species is similar to Textu- 
laria washitensis Carsey but differs in having a 
coiled initial end, strongly limbate sutures, lower 
chambers, and straight sutures. In Spiroplettam- 
mina nuda Lalicker the zigzag line between the 
chambers is concave upward, while in Textu- 
laria washitensis Carsey it is convex upward. 


S. nuda Lalicker differs from S. longa La- 
licker in the limbate sutures and less thick- 
ness, but is of nearly the same size and 
general appearance. Lalicker records this 
species from the middle Fort Worth and the 


Denton formations, and adds that it is rare 
in both. It is fairly common in the Grayson 
formation and is apparently much better 
developed, being of greater length. 


Subfamily TEXTULARIINAE 
Genus TEXTULARIA Defrance, 1824 
TEXTULARIA RIOENSIS Carsey 
Plate 15, figures 1a—2b. 
Textularia rioensis CARSEY, 1926, Texas Univ. 
Bull. 2612, p. 24, pl. 7, fig. 12. 
Textularia conica CARSEY, 1926 (not D’ORBIGNyY) 
Texas Univ. Bull. 2612, p. 23, pl. 7, fig. 1. 
Textularia rioensis PLUMMER, 1931, Texas Univ. 
Bull. 3101, p. 128, pl. 8, fig. 6. 


The following description is from Plum- 
mer (1931 b): 

Test elongate conical, composed of very fine 
calcareous particles smoothly finished to slightly 
rough with considerable cement; chambers low, 
broad, sutures slightly depressed; periphery very 
broadly rounded; aperture a low arch at base of 
septal face .... Most specimens show twisting 
and axial compression, giving rise to a short, 
broad, conical form that has been designated 
as T. conica from these same strata. Some tests 
are waxy gray and others exhibit a surface of 
fine grayish-white calcareous particles. 


Length of typical hypotype, 0.62 mm; 
width, 0.35 mm; thickness, 0.31 mm. Length 
of short compressed hypotype, of the type 
called 7. conica by Carsey, 0.375 mm; 
width, 0.42 mm, thickness, 0.31 mm. 
Types—Typical hypotype (Cushman 
coll. no. 25026) from top of zone 2, com- 
pressed hypotype (Cushman coll. no. 25027) 
from lower part of zone 1, Grayson Bluff. 
Remarks.—This species is common both 
in the Del Rio clay of southern Texas and 
in the Grayson formation of northern Texas, 
ranging throughout the Washita group. 


TEXTULARIA WASHITENSIS Carsey 
Plate 15, figures 3-4b 
Textularia washitensis CARSEY, 1926, Texas 
Univ. Bull. 2612, p. 24, pl. 7, fig. 6. 


Textularia washitensis PLUMMER, 1931, Texas 
Univ. Bull. 3101, pp. 127-28, pl. 8, fig. 5. 


The following description is from Plum- 
mer (1931 b): 


Test spatulate, composed of fine and coarse 
calcareous grains with considerable cement and 
varying from somewhat smoothly finished to dis- 
tinctly rough; chambers transverse, polygonal in 
outline and generally collapsed, leaving sutures 
as broad and light-colored, blunt, elevated ridges, 
periphery in early portion of test rather sharp, in 
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later portion narrowly rounded; aperture typi- 
cally Textularian. 


Color yellowish to white. Length of large 
hypotype, 1.16 mm; width, 0.43 mm. 

Types.—Large hypotype (Cushman coll. 
no. 25028) and smaller hypotype (Cush- 
man coll. no. 25029), both from bottom of 
zone 1, Grayson Bluff. 

Remarks.—This species occurs through- 
out the Washita group and is abundant in 
the Grayson formation, the specimens aver- 
aging slightly larger here than in the under- 
lying formations. 


Genus BIGENERINA d’Orbigny, 1826 
BIGENERINA WINTONI Cushman 
and Alexander 
Plate 15, figures 5a—b 
Bigenerina wintoni CUSHMAN and ALEXANDER, 

1930, Cushman Lab. Foram. Research Contr., 

vol. 6, pt. 1, p. 9, pl. 2, figs. 15a—b. 

The following description is from Cush- 
man and Alexander (1930): 

Test very elongate, the early portion biserial, 
much compressed, the broad faces flattened or 
even slightly concave, later portion very long and 
nearly cylindrical or slightly increasing in 
diameter in the earlier portion; chambers of the 
biserial portion distinct, the middle portion of 
each somewhat depressed, those of the uniserial 
cylindrical portion indistinct; sutures of the bi- 
serial portion raised and limbate, those of the uni- 
serial portion indistinct; wall coarsely arenaceous, 
made up of small fragments as well as tests of 
other Foraminifera with much light gray cement; 
aperture small, circular, terminal. 


Length of hypotype, 1.34 mm; length of 
biserial portion, 10.6 mm; length of uniserial 
portion, 0.28 mm; diameter of uniserial por- 
tion, 0.27 mm. 

Type.—Hypotype (Cushman coll. no. 
25030) from lower part of zone 1, Grayson 
Bluff. 

Remarks.—This species is extremely rare 
in the Grayson formation, the writer having 
recovered only four specimens, each from a 
different sample. The early biserial portion 
is very similar to Textularia washitensis 
Carsey and may represent a development 
from that species. The short uniserial por- 
tion generally consists of from one to three 
chambers. The Grayson form differs from 
the lower Washita form in the much longer 
biserial portion and much shorter and an- 
nulated uniserial portion. In the earlier 


specimens the uniserial portion is practically 
cylindrical, the chambers are higher and the 
aperture smaller. Possibly the four speci- 
mens found in the Grayson formation are 
microspheric ones, for that reason showing 
the more complete biserial stage. 


Family VERNEUILINIDAE 
Genus GAuDRYINA d’Orbigny, 1839 
GAUDRYINA CUSHMANI Tappan, n. sp. 
Plate 15, figures 6a—b 


Test large, conical, expanding rapidly 
from the small base, early portion triserial, 
and slightly inflated and triangular, later 
portion biserial; chambers low but broad 
and wide; sutures fairly distinct, slightly 
depressed, wall coarsely arenaceous; aper- 
ture a low arch at the base of the last 
chamber, color white. Length of holotype, 
0.83 mm; breadth, 0.55 mm; width, 0.40 
mm. 

Type.—Holotype (Cushman coll. no. 
25031) from lower part of zone 1, Grayson 
Bluff. 

Remarks.—This species is likely to be con- 
fused with Textularia rioensis Carsey, which 
is also common in this formation. G. cush- 
mani n. sp. differs in the triserial base, lower 
last chambers which are less rounded above, 
and a less circular cross-section. G. cushmant 
n. sp. is somewhat similar to young speci- 
mens of G. faujasi (Reuss) from the 
Maestrichtian of Holland and the lower 
Senonian of Germany, but differs in the 
lower chambers, more circular cross-section 
and more conical appearance. The new 
species occurs throughout the Grayson 
formation. 


Genus GAUDRYINELLA Plummer, 1931 
GAUDRYINELLA DELRIOENSIS Plummer 
Plate 15, figure 7 


Textularia sp. MARGARET CARPENTER, 1925, 
Texas Univ. Bull. 2544, pl. 17, fig. 18. 

Gaudryinella delrioensis PLUMMER, 1931, Am. 
Midland Naturalist, vol. 12, p. 341, text fig. 
la—b; 1931, Texas Univ. Bull. 3101, p. 137, 
pl. 9, fig. 13. 

Gaudryinella delrioensis CUSHMAN, 1937, Cush- 
man Lab. Foram. Research Contr., Spec. Publ. 
7, p. 105, pl. 14, figs. 13-15. 


The following description is from Plum- 
mer (1931 b): 


Test very elongate and slender, rather coarsely 
agglutinate for its size and composed of large 
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and small calcareous particles with much ce- 
ment; earliest chambers in a somewhat compact 
triserial succession, comprising a small and 
bluntly pyramidal initial extremity; later cham- 
bers biserial grading from an early compact 
structure of a few rounded chambers through 
numerous chambers that tend rapidly toward a 
rectilinear series and become bluntly quadrate 
posteriorly; senile chambers truly uniserial; 
sutures very distinct throughout growth and 
deeply incised; aperture a round opening above 
the base of the septal face throughout its biserial 
development and becoming more nearly ter- 
minal with advancing age, wholly terminal on 
uniserial chambers of late maturity. Length up 
to 1 mm. at type locality; average length about 
0.6 mm. 
Length of figured specimen 0.77 mm; width 
of final chamber 0.16 mm. 
Type.—Hypotype (Cushman coll. no. 
25032) from top of zone 2, Grayson Bluff. 
Remarks.—This species occurs through- 
out the Washita and is fairly common 
throughout. It is of smaller size in the upper 
Grayson of northern Texas than in the 
lower Grayson and underlying formations. 
It is especially well developed in the Del Rio 
clay of southern Texas. 


Family MILIOLIDAE 
Genus MassILi1na Schlumberger, 1893 
MASSILINA PLANOCONVEXA Tappan, n. sp. 
Plate 15, figures 8a—c 


Test medium in size, early chambers 
quinqueloculine and protruding somewhat 
on one side, other side flat, later chambers 
added on opposite sides in a single plane; 
sutures distinct, limbate, clear, remainder 
of shell chalky white in appearance; wall 
calcareous, imperforate; aperture simple. 
Length of holotype 0.56 mm; width 0.33 
mm; thickness 0.16 mm. 

Type.—Holotype (Cushman coll. no. 
25033) from lower part of zone 1, Grayson 
Bluff. 

Remarks.—M. planoconvexa, n. sp. is 
somewhat similar in appearance to Spiro- 
loculina depressa d’Orbigny from the Recent. 
It differs in the protruding early quin- 
queloculine stage, the more rounded periph- 
ery, the clear, thickened sutures and in 
the more even width of the chambers. M. 
planoconvexa is somewhat larger and flatter 
than the undescribed species commonly 
found in the lower Washita. The latter is 
more triangular in cross section and is 
smaller in size. 


TAPPAN 


The species occurs throughout the Gray- 
son formation. 


Family PLACOPSILINIDAE 
Subfamily PLACOPSILININAE 
Genus PLAcopsILina d’Orbigny, 1850 
PLACOPSILINA LONGA Tappan, n. sp. 
Plate 15, figures 9a—10 


Test attached, composed of numerous 
chambers, early portion close coiled, later 
portion uncoiled and becoming rectilinear, 
last chambers sometimes growing upward 
from the attachment, occasionally very long 
forms are found which are apparently at 
tached throughout their length; chambers 
large, only about five to a coil, large um- 
bilical plug present which protrudes above 
the rest of the chambers but is occasionally 
broken out; early uniserial chambers rather 
short, later ones lengthening somewhat, 
but not as long as broad; sutures distinct, 
depressed, nearly straight to slightly curved; 
wall coarsely arenaceous with considerable 
cement; aperture semicircular when last 
chamber is attached, becoming rounded 
when the last chamber has grown upward 
and away from the attachment. Length of 
holotype 1.05 mm; width across last cham- 
ber, 0.49 mm; width across coiled portion, 
0.54 mm; thickness through last chamber, 
0.29 mm; thickness through center of 
umbilical plug, 0.30 mm; greatest diameter 
of umbilical plug, 0.22 mm. 
Type.—Holotype (Cushman coll. no. 
25034) from middle part of zone 1, paratype 
(Cushman coll. no. 25035) also from middle 
part of zone 1, Grayson Bluff. 
Remarks.—This species is of unusually 
great length. According to Galloway (1933), 
the genus may attain a length up to five 
millimeters. The specimen in figure 10 has a 
length of 5.56 mm. P. longa n. sp. differs 
from P. rotaliformis Deecke in its much 
larger initial coiled portion, as compared to 
the breadth of the later chambers, the more 
regular size of the chambers in the coiled 
portion, the larger umbilical plug, the lower 
height of the chambers of the uniserial por- 
tion and their more regular size throughout 
the entire length. The early stage of P. longa 
n. sp. is somewhat similar to the specimen 
figured by Chapman as P. cenomana 
d’Orbigny and may be identical. However, 
that figured by Reuss as P. cenomana is a 
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much more irregular form, especially in the 
coiled stage. This form also lacks the umbil- 
ical plug which is characteristic of P. longa. 
As the original specimen of d’Orbigny was 
not available, it is not certain whether that 
figured by Reuss or by Chapman was closer 
to the original. P. longa is distinguished by 
its great length. 

This species is fairly common, frequently 
being attached to pelecypod fragments. 


Family LAGENIDAE 
Subfamily NODOSARIINAE 
Genus LENTICULINA Lamarck, 1804 
LENTICULINA GAULTINA (Berthelin) 
Plate 15, figures 1la—b 


Cristellaria gaultina BERTHELIN, 1880, Geol. Soc. 
France, Mem., ser. 3, vol. 1, mem. 5, p. 49, 
pl. 3 (26), figs. 15-19. 

Cristellaria gaultina CHAPMAN, 1896, Roy. Micr. 
Soc., Jour., pp. 7-8, pl. 1, figs. 10a—b, 11. 

Cristellaria gaultina EGGER, 1899, Kon. bayer. 
Akad. Wiss. Miinchen. Abhandl., Cl. 2, vol. 
21, p. 121, pl. 23, figs. 23-24. 

Cristellaria gaultina CHAPMAN, 1917, Geol. Sur- 
vey West. Australia, Bull. 72, p. 38, pl. 9, 
fig. 85. 

Cristellaria washitensis CARSEY, 1926, Texas 
Univ. Bull. 2612, p. 38, pl. 7, fig. 9. 

Lenticulina washitensis PLUMMER, 1931, Texas 
Univ. Bull. 3101, p. 142, pl. 11, fig. 19. 

Robulus gaultinus E1CHENBERG, 1934, 26 Nieder- 
— geol. Ver., Jahrb., folge 3, p. 156, pl. 16, 

g. 6. 


The following description is from Plum- 
mer (1931 b): 


Test lenticular, slightly elongate and wholly 
involute, thinly keeled, strongly umbonate, 
peripheral outline evenly rounded; chambers 
from 10 to 13 to mature convolution, un- 
inflated; sutures smooth or slightly elevated 
around the umbonal area, almost straight and 
somewhat oblique; aperture radiate on pe- 
riphery. Greatest diameter of holotype, 0.6 
mm; lesser diameter, 0.5 mm; thickness through 
center, 0.25 mm. 


Type-——Hypotype (Cushman coll. no. 
25036) from top of zone 1, Grayson Bluff. 

Remarks.—According to Plummer (1931 
b): 


The body of this species merges by direct 
slope from the central umbonal area into the 
thick sharp flange which on most specimens is 
unbroken and broad. A few tests bear only a 
sharp keel without the extended flange. Rare 
senile tests exhibit a final astacoline chamber 
that fails to reach back to the central portion of 
the test. 
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L. gaultina has been recorded from France, 
Germany, England and western Australia. 
L. washitensis (Carsey) is so similar that it is 
considered to be the same species. This 
species is common throughout the Washita 
group, especially large and well developed 
forms occurring in the Grayson formation. 


Genus MARGINULINA d’Orbigny, 1826 
‘MARGINULINA sp. A 
Plate 15, figures 12a~-b 


Test somewhat elongate, coiled in the 
early stage, tending to become uniserial; 
chambers oval in cross-section, increasing 
very little in height as added until the final 
chamber which is very high; sutures in- 
distinct, not depressed; wall calcareous, 
smooth; aperture simple, radiate, terminal. 
Length of figured specimen, 0.53 mm; 
breadth, 0.23 mm; width, 0.17 mm. 

Type.—Figured specimen (Cushman coll. 
no. 25037) from top of zone 2, Grayson 
Bluff. 

Remarks.—Both this and the following 
species of Marginulina are such simple and 
unornamented forms that specific identifica- 
tion is difficult. For the present they are 
neither referred to a previously described or 
new species. 


MARGINULINA sp. B 
Plate 15, figures 13a—c 
Cristellaria bronni Reuss, 1863 (not ROEMER), 


Akad. Wiss. Wien., Sitz., vol. 46, p. 70, pl. 7, 
fig. 13. 


Test short, thick, subcylindrical, inflated, 
early portion close-coiled, later uncoiled, 
dorsal margin sharper, giving the later por- 
tion an ovate cross-section; sutures slightly 
depressed, fairly distinct, early ones curved, 
becoming less curved as added; wall cal- 
careous, smooth; aperture at the peripheral 
angle. Length of figured specimen, 0.44 mm; 
width, 0.25 mm; thickness across apertural 
face, 0.19 mm. 

Type.—Figured specimen (Cushman coll. 
no. 25038) from lower part of zone 1, Gray- 
son Bluff. 


MARGINULINA TENUISSIMA Reuss 
Plate 17, figures 9-10 


Marginulina tenuissima Reuss, 1863, Akad. 
Wiss. Wien., Sitz., vol. 46, p. 61, pl. 5, fig 18; 
pl. 12, fig. 12. 
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Marginulina tenuissima CHAPMAN, 1894, Roy. 
Micr. Soc., Jour., p. 162, pl. 4, fig. 19. 

Marginulina tenuissima EGGER, 1899, Kén. bayer 
Akad. Wiss. Miinchen, Abhandl., Cl. 2, vol. 
21, p. 97, pl. 10, fig. 23. 

Marginulina sp. EICHENBERG, 1933, Foram. d. 
norddeutschen Erdélfelden, Teil I, Folge 3, 
p. 161, pl. 11, fig. 19. 


Test long, slender, straight or slightly 
curved, slightly coiled at the base; cham- 
bers slightly inflated; sutures distinct, de- 
pressed ; wall calcareous, surface ornamented 
with 12 to 14 narrow, low longitudinal ribs, 
which twist slightly about the test; aperture 
radiate, at the end of a slight neck at the 
dorsal angle. Length of large hypotype, 1.20 
mm; width, 0.17 mm; length of small fig- 
ured specimen, 0.54 mm; width, 0.12 mm. 

Type.—Large hypotype (Cushman coll. 
no. 25073) from base of zone 1, small hypo- 
type (Cushman coll. no. 25074) also from 
base of zone 1, Grayson Bluff. 

Remarks.—This species was first de- 
scribed from Germany and has been re- 
corded from England. It ranges throughout 
the Washita group and is fairly common 
in the Grayson formation. 


Genus DENTALINA d’Orbigny, 1826 
DENTALINA COMMUNIS (d’Orbigny) 
Plate 16, figure 1 
Nodosaria (Dentalina) communis pv’ORBIGNY, 

1826, Annals and Mag. Nat. History, vol. 7, 

p. 254, no. 35. 

Nodosaria communis CarsEY, 1926, Texas Univ. 

Bull. 2612, p. 34, pl. 7, fig. 
Dentalina communis ye 1931, Texas 

Univ. Bull. 3101, p. 149, pl. 11, fig. 4. 
Dentalina communis ia=, 1933, Nied- 

ersichs geol. Ver. Jahresber. 25, Folge 2, 

p. 185, pl. 19, fig. 3; pl. 21, fig. 7; 1935, 

Roemer-Mus., Mitteil, No. 37, Folge 4, p. 19, 

pl. 1, fig. 24. 

Test elongate, tapering, somewhat curved; 
chambers more inflated toward apertural 
end; sutures oblique, distinct, depressed; 
wall calcareous, smooth; aperture terminal, 
radiate. Length of hypotype 1.03 mm; 
width, 0.14 mm. 

Type.—-Hypotype (Cushman coll. no. 
25039) from middle of zone 1, Grayson 
Bluff. 

Remarks.—This species has been re- 
corded from many horizons from Cretaceous 
to Recent. Only a very limited synonymy 
is given here. This species occurs commonly 
in the Grayson formation and has been 
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recorded generally throughout the Creta- 
ceous of Texas. 


DENTALINA CYLINDROIDES Reuss 
Plate 16, figure 2 
Dentalina cylindroides Reuss, 1860, Akad. Wiss, 
Wien., Sitz., vol. 40, p. 185, pl. 1, fig. 8. 
Nodosaria (Dentalina) cylindroides CHAPMAN, 
rag Roy. Micr. Soc., Jour., p. 589, pl. 8, 
Dentalina cylindroides EICHENBERG, 1935, Roe- 
= Mitteil., no. 37, Folge 4, p. 17, pl. 1, 
g 


Test large, thick, cylindrical, gradually 
tapering, slightly curved, chambers rounded; 
sutures slightly depressed, not very dis- 
tinct; wall calcareous, smooth; aperture 
terminal, radiate. Length of hypotype, 1.29 
mm; width, 0.24 mm. 

Type.—Hypotype (Cushman. coll. no. 
25040) from bottom of zone 1, Grayson 
Bluff. 

Remarks.—This species is fairly common 
throughout the Grayson formation. 


DENTALINA HAMMENSIS (Franke) 
Plate 16, figure 3. 

Marginulina hammensis FRANKE, 1928, Preuss. 
geol. Landesanstalt., Abh., n. ser., vol. 111, 
p. 77, pl. 7, fig. 9. 

Test medium in size, elongate, but slightly 
arcuate, fairly straight backed; proloculum 
globular with chambers inflated and in- 
creasing in height as added, last chambers 
tending to become slightly irregular, pe- 
riphery lobulate; sutures distinctly oblique, 
depressed; wall calcareous, entire surface 
finely hispid; aperture radiate, terminal, 
produced at the end of a slight neck. Length 
of hypotype, 1.01 mm; width of last cham- 
ber, 0.155 mm; width of proloculum, 0.125 
mm. 

Type-—Hypotype (Cushman coll. no. 
25041) from lower part of zone 2, Grayson 
Bluff. The species is fairly common in the 
lower Grayson. 


DENTALINA sp. 
Plate 16, figures 4a—b 
Nodosaria filiformis CarsEy, 1926 (not d’or- 


BIGNY), Texas Univ. Bull. 2612, p. 33, pl. 7, 
fig. 8. 


Test long, slender, smooth, somewhat 
curved; chambers elongate, about twice as 
long as broad; sutures depressed, slightly 
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oblique; wall calcareous, smooth; aperture 
terminal, radiate. Length of figured speci- 
men, 0.57 mm; width, 0.135 mm. 

Type.—Figured specimen (Cushman coll. 
no. 25042) from bottom of zone 1, Grayson 
Bluff. 

Remarks.—Only fragments of this species 
are found, usually two or three chambers in 
a fragment. These were not considered 
complete enough for specific identification. 


Genus NoposariA Lamarck, 1812 
NODOSARIA AMPHIOXYS Reuss 
Plate 16, figure 12 
Nodosaria amphioxys Reuss, 1873, Palaeonto- 
graphica, vol. 20, pt. 2, p. 82, pl. 1, fig. 2. 
Nodosaria amphioxys FRANKE, 1928, Preuss. 
geol. Landesanstalt, Abh., n. ser., vol. 111, p. 
48, pl. 4, fig. 2. 
Nodosaria amphioxys EICHENBERG, 1933, 25 
Niedersiichs geol. Ver. Jahresber., 25, p. 182, 
pl. 18, fig. 9. 


Test small, straight, tapering gradually; 
chambers inflated at the base, tapering 
toward the aperture, one and one-half to 
two times as long as broad, increasing grad- 
ually in size as added; sutures distinct, de- 
pressed; wall calcareous, with longitudinal 
ribs, about 18 in number and somewhat 
ragged; aperture terminal, radiate, at the 
end of a rather long neck which is occasion- 
ally broken. Length of hypotype, 0.64 mm; 
width, 0.13 mm. 

Type-——Hypotype (Cushman coll. no. 
25050) from base of zone 1, Grayson Bluff. 

Remarks.—This species has been recorded 
from England and Germany and occurs 
throughout the Grayson formation of Texas. 
N. amphioxys Reuss differs from N. obscura 
Reuss in its smaller size, more numerous 
ribs, more distinct sutures, and basally in- 
flated chambers. 


NODOSARIA BIFURCATA Tappan, n. sp. 
Plate 16, figures 5a—b 


Test small, subcylindrical, tapering only 
slightly; chambers increasing in height as, 
added, not much inflated; sutures distinct, 
slightly depressed; wall calcareous, apical 
spine at base, rest of surface ornamented 
with about 16 low, thin smooth ribs, bi- 
furcating as the test increases in width and 
twisting slightly; aperture terminal, radial, 
on a short neck. Length of holotype, 0.55 
mm; width 0.115 mm. 


Type.—Holotype (Cushman coll. no. 
25043) from base of zone 1, Grayson Bluff. 

Remarks.—This species is similar to N. 
fontannest Reuss (not Berthelin) in the 
character of the ribs and their bifurcation, 
but is much smaller, has a shorter neck, 
shorter chambers and much more distinct 
sutures. It is also similar to N. alternistriata 
Morrow (1934, p. 190) from the basal 
Niobrara, in general outline, apertural por- 
tion and bifurcating costae, but differs in 
the slightly smaller size, more uniform 
costae and more irregular size of the cham- 
bers, which average less in height than those 
of N. alternistriata. 


NODOSARIA CHAPMANI Tappan, n. sp. 
Plate 16, figures 9-10 

Nodosaria orthopleura CHAPMAN, 1893 (not 
Reuss, 1863), Roy. Micr. Soc., Jour., p. 595, 
pl. 7 (9), figs. 22-23. 

Nodosaria prismatica var. orthopleura FRANKE, 
1928, Preuss. geol. Landesanstalt, Abh., n. 
ser., vol. 111, p. 48, pl. 4, figs. 12a—b. 

Nodosaria orthopleura E1CHENBERG, 1933, Nied- 
a geol. Ver. Jahresber., 25, p. 4, pl. 5, 

g. 5. 


Test very long, slender, straight, tapering 
gradually, apex pointed; chambers some- 
what inflated, about twice as long as broad, 
sutures distinct, depressed; wall calcareous, 
surface ornamented with five or six very 
straight thin ribs which are frequently 
ragged on the edges; aperture terminal, 
radial at the end of a long neck. Length of 
holotype, 1.98 mm; width, 0.19 mm; length 
of paratype, 0.51 mm; width, 0.09 mm. 

Types.—Holotype (Cushman coll. no. 
25047) from top of zone 2, paratype (Cush- 
man coll. no. 25048) from bottom of zone 1, 
Grayson, Bluff. 

Remarks.—Due to the length of this 
species and the slender form, most of the 
specimens are broken. The holotype is an 
unusually complete specimen of the adult 
stage. N. chapmani n. sp. differs from N. 
orthopleura Reuss (1863 a, p. 89), in the 
thinner and more fragile ribs, less depressed 
sutures, higher and more inflated chambers 
and longer neck. It is also somewhat similar 
to N. navarroana Cushman (1937 e, p. 103) 
in the smooth chambers and straight ribs, 
which are about four to five in number, but 
differs in the much more elongated chambers 
and their more uniform size, in the long 














\ 


104 


neck, and the much thinner and more pro- 


duced ribs, which are characteristically 
somewhat ragged in appearance. 


NODOSARIA LEPIDA Reuss 
Plate 16, figures 6a—b 


Nodosaria lepida Reuss, 1860, Akad. Wiss. 
Wien., Sitz., vol. 40, p. 178, pl. 1, fig. 2. 

Ellipsonodosaria lepida FRANKE, 1928, Preuss. 
geol. Landes., Abh., n. ser., vol. 111, p. 55, pl. 
4, figs. 29-30. 

Ellipsonodosaria lepida E1CHENBERG, 1935, Roe- 
_— Mitteil., no. 37, Folge 4, p. 30, pl. 2, 

g. 4. 


Test elongate, faintly curved; consists of 
six to eight chambers that increase in height 
as added, early chambers practically cylin- 
drical, final chamber flask-shaped; sutures 
but faintly depressed in early portion, later 
ones distinctly depressed; wall calcareous, 
smooth, hyaline; aperture terminal, appar- 
ently radiate, at the end of a short neck. 
Length of hypotype, 0.72 mm.; diameter, 
0.135 mm. 

Type.—Hypotype (Cushman coll. no. 
25044) from middle of zone 2, Grayson 
Bluff. This species occurs sparingly in the 
lower Grayson formation. 


NODOSARIA OBSCURA Reuss 
Plate 16, figures 7a—8b 


Nodosaria obscura Reuss, 1845-46, Verstein. 
bohm. Kreidef., pt. 1, p. 26, pl. 13, figs. 7-9. 
Dentalina inepta Reuss, 1863, Akad. Wiss. 

Wien., Sitz., vol. 46, p. 40, pl. 2, fig. 13. 

Nodosaria obscura Reuss, 1874, Palaeonto- 
graphica, vol. 20, pt. 2, p. 86, pl. 20, figs. 1-4. 

Nodosaria obscura BERTHELIN, 1880, Soc. Géol. 
France, Mém., ser. 3, vol. 1, mem. 5, p. 31, 
pl. 1 (24), figs. 17a—b. 

Dentalina Fontannesi BERTHELIN, /880, Ibid., 
p. 42, pl. 2 (25), figs. 14-15 (not 16). 

Nodosaria obscura BuRROWs, SHERBORN and 
BalLey, 1/890, Roy. Micr. Soc., Jour., pt. 5, 
p. 557, pl. 9, fig. 24. 

Nodosaria obscura CHAPMAN, 1893, Roy. Micr. 
Soc., Jour., p. 593, pl. 9, fig. 16 (erroneously 
fig. 15 on plate). : 

Nodosaria obscura EGGER, 1899, Bay. Akad. 
Wiss. Miinchen, Abh., Cl. II, vol. 21, p. 75, 
pl. 24, fig. 23. 

Nodosaria obscura HERON-ALLEN and EARLAND, 
gg Roy. Micr. Soc., Jour., p. 418, pl. 7, 

7. 

Nodosaria obscura CUSHMAN, 1926, Cushman 
Lab. Foram. Research, Contr., vol. 2, pt. 1, 
p. 20, pl. 2, fig. 8. 

Nodosaria fragilis CARSEY, 1926, Texas Univ. 
Bull. 2612, p. 35, pl. 4, fig. 1. 

Nodosaria raphanus var. obscura FRANKE, 1928, 
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Abh. preuss. geol. Landes., n. ser., vol. 111, 
pt. 3, p. 48, pl. 4, fig. 5. 

Nodosaria obscura PLUMMER, 1931, Texas Univ. 
Bull. 3101, p. 156, pl. 11, fig. 3. 





The following description is from Plum- 
mer (1931 b): 


Test straight, short, stout, composed of a few 
cylindrical to very slightly inflated chambers 
ornamented by seven to nine very thin and 
highly elevated longitudinal ribs that extend 
from a sharp apical spine to the oral extremity 
of the test; aperture at end of a prominent 
slender tube that projects from the end of the 
final chamber. . . . The few costae are very thin 
and fragile and are highly elevated above the 
chambers and across the sutures, consequently 
in fossil condition they are characteristically 
ragged. One salient feature of this short, straight, 
ribbed test is the long tubular apertural extension 
that is similar to that of many well-known species 
of Lagena but much more rare amongst the 
Nodosariae. This delicate feature is naturally 
broken from most of the tests, but even the hole 
at the end of the last chamber with its ragged 
rim is diagnostic. 


Length of hypotype in figure 7, 0.76 mm; 
width, 0.24 mm; length of hypotype in 
figure 8, 0.74 mm; width, 0.16 mm; length 
of neck, 0.10 mm. 

Types.—Hypotype in figure 7, (Cushman 
coll. no. 25045) and hypotype in figure 8 
(Cushman coll. no. 25046) are both from the 
middle part of zone 1, Grayson Bluff. 

Remarks.—This species has been recorded 
from Germany, France and England and 
from strata throughout the Cretaceous in 
many other places. It is common in the 
Del Rio and Grayson and ranges throughout 
the Washita group, although it is less com- 
mon in the lower formations. 


NODOSARIA PAUPERCULA Reuss 
Plate 16, figure 11 


Nodosaria paupercula Reuss, 1845—46, Verstein. 
béhm. Kreidef., pt. 1, p. 26, pl. 12, fig. 12; 
1874, Palaeontographica, vol. 20, pt. 2, p. 81, 
pl. 20, figs. 5-7. 

Dentalina paupercula BERTHELIN, 1880, Soc. 
Géol. France, Mém., ser. 3, vol. 1, mem. 5, 
p. 43, pl. 2 (25), fig. 17. 

Nodosaria paupercula CHAPMAN, 1893, Roy. 
Micr. Soc., Jour., p. 593, pl. 7 (9), figs. 13-14. 

Nodosaria paupercula EccrER, 1899, Bayer. Akad. 
Wiss. Miinchen, Abh., Cl. II, vol. 21, p. 72, 
pl. 8, fig. 7. 

Nodosaria (Dentalina) paupercula CHAPMAN, 
1917, Geol. Survey Western Australia, Bull. 
72, p. 27, pl. 4, fig. 41. 

Nodosaria pauperata E1CHENBERG, 1933, Nieder- 
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sichs geol. Vereins, Jahrb., Folge 2, p. 180, pl. 
18, fig. 6. 

Nodosaria paupercula EICHENBERG, 1934, Nieder- 
sichs geol. Ver. Jahresber., 25, p. 173, pl. 15, 
fig. 4. 


Test medium in size, slightly curved; 
chambers much inflated, globular, increas- 
ing gradually in size; sutures distinct and 
much depressed; wall calcareous, orna- 
mented with 20 to 25 low rounded ribs; 
aperture terminal, radiate. Length of hypo- 
type, 0.54 mm; width, 0.16 mm. 

Type-—Hypotype (Cushman coll. no. 
25049) from bottom of zone 1, Grayson 
Bluff. 

Remarks.—This species differs from the 
other uniserial, ribbed species in the Gray- 
son formation in the globular chambers, low 
smooth ribs and slightly curved axis. Due 
to the constrictions between the chambers, 
complete tests are rare, most specimens 
having but two or three chambers in a frag- 
ment. This species has been recorded from 
England, France and Germany and is fairly 
common in the Grayson formation. 


Genus PSEUDOGLANDULINA Cushman, 1929 
PSEUDOGLANDULINA cf. MUTABILIS 
(Reuss) 

Plate 16, figures 15a—b 


Glandulina mutabilis Reuss, 1863, Akad. Wiss. 
Wien., Sitz., vol. 46, p. 58, pl. 5, figs. 7-11. 

Glandulina mutabilis BERTHELIN, 1880, Soc. 
géol. France, Mém., ser. 3, vol. 1, mem. 5, 


p. 45. 

Glandulina mutabilis EGGER, 1899, Bayer. Akad. 
Wiss. Miinchen, Abh., Cl. II, vol. 21, p. 83, 
pl. 5, figs. 21, 29. 


Test medium in size, chambers increasing 
rapidly in size, round in cross-section, often 
slightly flattened toward the apertural end, 
last chamber equal to one-half the length; 
sutures distinct, slightly depressed; wall 
calcareous, smooth; aperture’ terminal, 
radiate. Length of figured specimen, 0.45 
mm; width, 0.23 mm; length of last chamber 
0.24 mm. 

Type-—Hypotype (Cushman coll. no. 
25053) from middle of zone 1, Grayson 
Bluff. 

Remarks.—This species is referred tenta- 
tively to that of Reuss, but as the magnifica- 
tion of his illustrations is not given, the 
specific identification is not certain. 


PSEUDOGLANDULINA SCOTTI 
Tappan, n. sp. 
Plate 16, figures 13a—b 


Test long, slightly irregularly lineate, 
early chambers expanding rapidly, rest of 
test subcylindrical; chambers increasing in 
height as added, last chamber being equal 
to one-fifth of the entire length; sutures dis- 
tinct, slightly depressed, nearly straight; 
wall calcareous, smooth; aperture radiate, 
terminal. Length of holotype, 0.77 mm; 
width, 0.20 mm; length of last chamber 
0.15 mm. 

Type——Holotype (Cushman coll. no. 
25051) from bottom of zone 1, Grayson 
Bluff. 

Remarks.—This species differs from P. 
mutabilis (Reuss) in its much greater length 
as compared to the other dimensions, and 
in its rapidly tapering base. It is somewhat 
questionably referred to the genus Pseudo- 
glandulina as it has a much more slender 
form than the typical species of that genus. 
This species is named for Dr. Gayle Scott 
of Texas Christian University, Fort Worth, 
Texas, in recognition of his work on the 
Texas Lower Cretaceous. 


PSEUDOGLANDULINA sp. 
Plate 16, figures 14a—b 


Test minute, straight, somewhat flat- 
tened, expanding rapidly, only a small part 
of the early chambers being visible, the last 
chamber comprising about one-half of the 
entire length; sutures distinct, depressed; 
wall calcareous, smooth; aperture terminal, 
radiate, slightly slit-like. Length of figured 
specimen, 0.25 mm; width, 0.13 mm; length 
of last chamber, 0.14 mm. 

Type.—Figured specimen (Cushman coll. 
no. 25052) from middle part of zone 1, Gray- 
son Bluff. 

Remarks.—This species differs from P. cf. 
mutabilis (Reuss) in the smaller size, less 
inflated chambers and basal tapering. 


Genus SARACENARIA Defrance, 1824 
SARACENARIA BONONIENSIS (Berthelin) 
Plate 16, figures 16a—b 


Cristellaria bononiensis BERTHELIN, 1880, Soc. 
géol. France, Mém., ser. 3, vol. 1, mem. 5, 
p. 55, pl. 3 (26), figs. 23a—c. 

Cristellaria bononiensis CHAPMAN, 1894, Roy. 
a Soc., Journ., pp. 652-653, pl. 10, figs. 
9a-b. 
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Not Cristellaria bononiensis EGGER, 1899, Bayer 
Akad. Wiss. Miinchen, Abh., Cl. 2, vol. 21, 
p. 112, pl. 25, figs. 4-6. 


Test small, triangular in cross-section, 
early portion tightly coiled, later tending to 
become rectilinear; chambers increasing 
rapidly in size; sutures slightly curved, con- 
vex upward, distinct, very slightly depressed 
on the sides but deeply depressed on the 
ventral face, giving a slightly lobulate pe- 
riphery ; wall calcareous, smooth, except fora 
carinate rib along the dorsal angle, one down 
the center of the ventral face and one down 
each margin of the ventral face; aperture 
radiate, at the peripheral angle, median ven- 
tral slit slightly enlarged. Length of hypo- 
type, 0.45 mm; width across apertural face, 
0.13 mm. 

Type-——Hypotype (Cushman coll. no. 
25054) from middle of zone 1, Grayson 
Bluff. 

Remarks.—This species is characterized 
by the median rib on the ventral face and 
the triangular cross-section. It occurs 
throughout the Washita group and is fairly 
common in the Grayson formation. 


SARACENARIA CUSHMANI 
Tappan, n. sp. 
Plate 16, figures 17a—b 
Cristellaria sulcifera CHAPMAN, 1894 (not REuss, 

1863), Roy. Micr. Soc., Journ., pp. 650-651, 

pl. 10, figs. 2a—b. 

Test medium to small in size, close coiled 
at the base, later chambers tending to un- 
coil, triangular in cross-section; chambers 
inflated just in front of the depressed su- 
tures, so that without careful observation 
the sutures appear limbate; peripheral keel 
present, sometimes broken to give a ragged 
appearance, test slightly umbonate; wall 
calcareous; aperture radiate, at the pe- 

-ripheral angle, apertural face wide. Length 
of holotype, 0.45 mm; maximum ~width 
across coil, 0.15 mm; breadth across un- 
coiled portion, 0.21 mm; width, 0.18 mm; 
width through center of coiled portion, 0.11 
mm. 


Type.—Holotype (Cushman coll. no. 


25055) from base of zone 3, Grayson Bluff. 

Remarks.—This species occurs through- 
out the Washita and is present throughout 
the Grayson formation, although not very 
abundant. It differs from Cristellaria sulcif- 
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era Reuss (1863, p. 74) in the wider aper- 
tural face, much higher last chambers, pe- 
ripheral keel and sharper ribs along the su- 
tures. The chambers also increase much 
more rapidly in height. 


Genus LINGULINA d’Orbigny, 1826 
LINGULINA FURCILLATA Berthelin 
Plate 16, figures 18a—c 
Lingulina furcillata BERTHELIN, 1880, Soc. géol. 
France, Mém., Ser. 3, vol. 1, Mem. 5, p. 65, 
pl. 4 (27), figs. 6a—c. 

? Lingulina furcillata EGGER, 1899, Bayer. Akad. 
Wiss. Miinchen, Abh., Cl. 2, vol. 21, p. 85, 
pl. 23, figs. 28-30. (Doubtfully synonymous.) 


Test elongate, uniserial, compressed, 
somewhat irregularly lineate, chambers 
highly arched in the center, inflated cen- 
trally, edges sharply angular, sides nearly 
parallel; sutures distinct, depressed, highly 
arched in an acute angle; wall calcareous, 
smooth; aperture elongate, terminal, slit- 
like. Length of hypotype, 0.48 mm; width, 
0.13 mm; thickness, 0.07 mm. 

Type.—Hypotype (Cushman coll. no. 
25056) from base of zone 1, Grayson Bluff. 

Remarks.—The Grayson species is char- 
acterized by its long parallel sides and highly 
arched sutures. The edges may be slightly 
sharper and the sutures more highly arched 
and acutely angled than Berthelin’s species. 
However, the suture curvature of the final 
chamber agrees with the curvature of his 
species. L. furcillata is fairly common in the 
Grayson formation. 


LINGULINA LAMELLATA Tappan, n. sp. 
Plate 16, figure 19 


Test short, flattened, much compressed, 
chambers V-shaped, similar to those of 
Frondicularia, thickest centrally, early 
chambers narrow, flaring suddenly and then 
enlarging gradually for the remainder of 
the length; sutures distinct, depressed, 
highly arched; wall calcareous, smooth, 
margins slightly lobulate due to the de- 
pressed sutures; aperture terminal, elongate, 
slit-like. Length of holotype, 0.34 mm; 
width, 0.19 mm. 

Type.—Holotype (Cushman coll. no. 
25057) from lower part of zone 1, Grayson 
Bluff. 

Remarks.—This species is similar to L. 
furcillata Berthelin, but differs in the 
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smaller, shorter, broader and abruptly flar- 
ing test, and the more rounded, less acutely 
curved sutures. It is very similar to L. 
taylorana Cushman (1938 b, p. 43) in gen- 
eral outline and compressed form, but 
differs in the more acute sutures, narrower 
early chambers and abrupt flaring and in 
the absence of the thin flanges at the basal 
angles of the chambers. 


LINGULINA NODOSARIA Reuss 
Plate 16, figures 20a—b 


Lingulina nodosaria Reuss, 1863, Akad. Wiss. 
Wien., Sitz., vol. 46, p. 59, pl. 5, fig. 12. 

Lingulina nodosaria BERTHELIN, 1880, Soc. géol. 
France, Mém., ser. 3, vol. 1, mem. 5, p. 64, 
pl. 4 (27), figs. 10a—c. 

Lingulina nodosaria CHAPMAN, 1894, Roy. Micr. 
Soc., Journ., pp. 153-154, pl. 3, figs. 1a—b. 

Lingulina nodosaria EGGER, 1899, Bayer. Akad. 
Wiss. Miinchen, Abh., Cl. II, vol. 21, p. 85, 
pl. 16, figs. 34-35; 1907, Nat. Ver. Nassau, 
Bericht., XX, p. 27, pl. 8, fig. 26. 

Lingulina nodosaria E1CHENBERG, 1934, Nieder- 
sichs geol. Ver. Jahresber., 26, p. 175, pl. 11, 
fig. 9; 1935, Mitteil. Roemer-Mus., Folge 4, 
p. 24, pl. 2, fig. 12. 


Test elongate, compressed, uniserial, rec- 
tilinear; chambers increasing in size as 
added, but not regularly; sutures distinct, 
depressed, curved; wall calcareous, smooth; 
aperture elongately oval. Length of hypo- 
type, 0.64 mm; width, 0.165 mm; thickness, 
0.11 mm. 

Type.—Hypotype (Cushman Coll. no. 
25058) from base of zone 1, Grayson Bluff. 


LINGULINA NODOSARIA SEMIORNATA Reuss 
Plate 16, figures 21a—b 

Lingulina semiornata Reuss, 1863, Akad. Wiss. 
Wien., Sitz., vol. 46, p. 91, pl. 12, figs. 11a—b. 

Lingulina_ semiornata CHAPMAN, 1894, Roy. 
— Soc., Journ., p. 653, pl. 3, figs. 2a—b, 

a-b. 

Lingulina semiornata EGGER, 1899, Bayer. Akad. 
Wiss. Miinchen, Abh., Cl. 2, vol. 21, p. 85, 
pl. 25, figs. 20-21. 

Lingulina semiornata FRANKE, 1928, Preuss. 
geol. Landesanstalt, Abh., n. ser., vol. 111, 
pp. 56-57, pl. 4, fig. 37. 

Test elongate, rectilinear, slightly com- 
pressed; chambers rounded, increasing in 
height as added; sutures distinct, depressed, 
curved, convex upward; wall calcareous, 
smooth, except for very fine lengthwise 
striations which cross the chambers, being 
more prominant near the sutures and dying 
out toward the centers of the chambers; 
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aperture elongate, terminal. Length of hypo- 
type, 0.61 mm; width, 0.19 mm; thickness, 
0.15 mm. 

Type-——Hypotype (Cushman coll. no. 
25059) from top of zone 2, Grayson Bluff. 

Remarks.—This species is characterized 
by the fine striations and the oval cross- 
section. It is considered to be a variety of L. 
nodosaria Reuss because of its similar form 
and irregularly enlarging chambers. The 
variety differs in the presence of the fine 
striations, is somewhat thicker and has more 
inflated chambers. The fine striations may 
be easily overlooked as they are quite faint. 


LINGULINA SERRATA Tappan, n. sp. 
Plate 16, figures 22a—b 


Test elongate, uniserial, rectilinear, com- 
pressed; chambers increasing in height as 
added, edges of chambers overlapping and 
produced into distinct short spines, espe- 
cially in the later chambers, chambers thick- 
est centrally at the apertural end of each, 
thinner at the edges, becoming sub-carinate; 
sutures distinct, depressed; wall carcareous, 
smooth; aperture terminal, elongate. Length 
of holotype, 0.45 mm; width, 0.14 mm; 
thickness, 0.07 mm. 

Type-——Holotype (Cushman coll. no. 
25060) from lower part of zone 1, Grayson 
Bluff. 

Remarks.—This species is similar to L. 
denticulocarinata Chapman, but differs in 
much more angular and produced chamber 
margins, less distinctly bulbous central por- 
tion as seen in cross section, and higher 
chambers in comparison to their width. 
The species is fairly common throughout 
the Grayson and is easily distinguished by 
the spines at the chamber margins. 


Genus VAGINULINA d’Orbigny, 1826 
VAGINULINA COMPLANATA (Reuss) 
Plate 16, figures 23a—24 


Cristellaria complanata Reuss, 1863, Akad. Wiss. 
Wien., Sitz., vol. 46, p. 92, pl. 12, fig. 13. 

Cristellaria complanata BERTHELIN, 1880, Soc. 
géol. France, Mém., ser. 3, vol. 1, mem. 5, 
p. 54. 

Cristellaria complanata CHAPMAN, 1894, Roy. 
Micr. Soc., Journ., pp. 653-654, pl. 10, figs. 
12a-b. 

Cristellaria complanata Eccrr, 1899, Bayer. Akad. 
Wiss. Miinchen, Abh., Cl. 2, vol. 21, p. 114, 
pl. 11, figs. 29-30. 
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Test medium in size, compressed, slightly 
coiled, chambers increasing very little in 
height; sutures distinct, arcuate, slightly 
thickened, a little depressed; wall calcare- 
ous, smooth, an apical spine sometimes 
present, periphery with a keel; aperture 
radiate, at the peripheral angle. Length of 
hypotype of figure 23, 0.73 mm; breadth, 0.37 
mm; width, 0.08 mm. Length of smaller 
specimen, including length of apical spine, 
0.41 mm; breadth, 0.14 mm; length of 
apical spine, 0.045 mm. 

Types.—Hypotype of figure 23 (Cushman 
coll. no. 25061) and figure 24 (Cushman 
coll. no. 25062), both from base of zone 1, 
Grayson Bluff. 

Remarks.—This species has been recorded 
from England, France and Germany and is 
common in the Grayson formation of Texas. 


VAGINULINA COMPLANATA (Reuss) var. 
PERSTRIATA Tappan, n. var. 
Plate 16, figure 25 


Test medium in size, compressed, slightly 
coiled, chambers increasing very little in 
height; sutures distinct, slightly depressed, 
curved; wall calcareous, surface ornamented 
with about 16 low, distinct, obliquely paral- 
lel striations, outer margin with a keel; 
aperture radiate, at the peripheral angle. 
Length of holotype, 0.72 mm; breadth, 0.29 
mm. 


Type.—Holotype (Cushman coll. no, 
25063) from middle of zone 1, Grayson 
Bluff. 

Remarks.—V. cristellarioides Reuss differs 
from this form in possessing striations which 
parallel the test margins. Those of V. com- 
planata (Reuss) var. perstriata, n. var. are 
oblique. It is common throughout the Gray- 
son formation. 


VAGINULINA DEBILIS (Berthelin) 
Plate 16, figures 26a—b 
Marginulina debilis BERTHELIN, 1880, Soc. géol. 
France, Mém., ser. 3, vol. 1, mem. 5, p. 35, 
pl. 3 (26), fig. 28. 

Marginulina debilis CHAPMAN, 1894, Roy. Micr. 
Soc., Journ., p. 161, pl. 4, fig. 15. 

Marginulina debilis EGGer, 1910, Nat. Ver. 
Regensburg, Bericht., p. 109, pl. 1, fig. 16. 

Dentalina debilis EICHENBERG, 1933, Niedersichs 
geol. Ver., Jahresber., 25, Folge 2, p. 183, 
pl. 23, fig. 10; 1934, Niedersiichs geol. Ver. 
Jahresber., 26, p. 167, pl. 12, fig. 9. 


Test elongate, arcuate, slender, tapering, 
subtriangular in cross-section; chambers in- 
flated, increasing in height as added, ventral 
side wide, margins angled, resulting in the 
triangular appearance; sutures distinct, de- 
pressed, highest at the dorsal margin; wall 
calcareous, surface smooth; aperture radiate 
at the dorsal angle, which is slightly pro- 
duced and neck-like. Length of hypotype 
1.07 mm; width, 0.11 mm; thickness, 0.09 
mm. 








EXPLANATION OF PLATE 14 


Fics. la-2—Lagenammina pyriformis Tappan, n. sp. Ja, Side view; 6, apertural view of holotype; 
2, specimen showing eroded surface; X55 ; 


3a—b—Reophax deckeri Tappan, n. sp. 3a, Side view; 5, apertural view of holotype, x44 





p. 94) 
4a—b—Reophax minuta Tappan, n. sp. 4a, Side view; 6, apertural view of a, +“ 

p. 
5a—b—HapPlostiche texana (Conrad). 5a, Side view; 6, apertural view, X10. (p. 95) 
6a—c—A mmodiscus gaultinus Berthelin. 6a, b, Side views; c, edge view, X44. (p. 95) 


7a—c—Haplophragmoides concava (Chapman). 7a—b, Side views; c, edge view, X44. (p. 95) 
8a-I—A mmobaculites goodlandensis Cushman and Alexander. 8a, Side view; b, edge view of 
hypotype. X44. 9. Side view of specimen with more complete uniserial portion, X77. 


(p. 96) 
10a-b—A mmobaculites cuyleri Tappan, n. sp. 10a, Side view of holotype; 5, cross-section to 
show compressed form, X44. (p. 96) 


ah eae testacea Tappan, n. sp. Ila, Side view of holotype; 8, eiataaens” “— 
Xx Ms 


12a-b—A mmobaculites variabilis Tappan, n. sp. 12a, Side view of holotype; 5, apertural view, 


; (p. 97) 
13a-b—Spiroplectammina ammovitrea Tappan, n. sp. 13a, Side view of holotype; 6, apertural 
view, X77 (p. 97) 
14a—b—S piroplectammina longa Lalicker. /4a, Side view; 6, apertural view, X55. (p. 97) 


15a—16—Spiroplectammina nuda Lalicker. /5a, Side view; b, apertural view; 16, Side view of an 
adult specimen, X55. (p. 98) 








Tappan, Cretaceous Foraminifera 
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Type—Hypotype (Cushman coll. no. 
25064) from middle of zone 1, Grayson 
Bluff. 

Remarks.—This is a very slender and deli- 
cate form and complete tests are rare. It 
occurs throughout the Grayson formation 
and is easily distinguished by the subtrian- 
gular appearance. 


VAGINULINA GEISENDORFERI Franke 
Plate 17, figures la—c 

Vaginulina geisendérferi FRANKE, 1928, Preuss. 
geol. Landes., Abh., n. ser., vol. 111, p. 80, 
pl. 7, figs. 18a—b. 

Vaginulina stutzeri E1CHENBERG, 1934, 26 Nied- 
ersichs geol. Ver. Jahresber., 26, p. 176, pl. 14, 
fig. 1. 

Test elongate, parallel-sided, rectilinear; 
chambers inflated, last chamber nearly as 
thick as the proloculum; apertural face con- 
vex and almost as wide as the sides, dorsal 
side narrower; sutures distinct, depressed, 
curved, highest at the dorsal side; wall cal- 
careous, smooth, dorsal and ventral lateral 
angles carinate; aperture at the dorsal angle. 
Length of hypotype, 0.69 mm; width of 
side, 0.12 mm; breadth of ventral side, 0.19 
mm; breadth of dorsal side, 0.07 mm. 

Type-—Hypotype (Cushman coll. no. 
25065) from base of zone 1, Grayson Bluff. 

Remarks.—This species is most similar to 
\’. recta Reuss, but differs in the wide, con- 
vex apertural face, the inflated and much 
shorter chambers and the depressed sutures. 
The species was first described from north- 
ern Germany. It is fairly common in the 
Grayson formation. 
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VAGINULINA KOCHII Roemer 
Plate 17, figures 2-4 


Vaginulina kochii ROEMER, 1840-1841, Verst. 
norddeutsch. Kreide, p. 96, pl. 15, fig. 10. 

Vaginulina arguta Reuss, 1860, Akad. Wiss. 
Wien., Sitz., vol. 40, p. 202, pl. 8, fig. 4; 1863, 
Ibid., vol. 46, p. 47, pl. 3, fig. 13. 

Vaginulina truncata Reuss, 1863, Ibid., vol. 46, 
p. 47, pl. 3, fig. 9. 

Vaginulina truncata BERTHELIN, 1880, Soc. géol. 
France, Mém., ser. 3, vol. 1, mem. 5, p. 39, 
pl. 1 (24), figs. 25-28. 

Vaginulina arguta BERTHELIN, 1880, Ibid., p. 42, 
pl. 2, figs. 7a—c (8a—b). 

Vaginulina arguta BURROWS, SHERBORN and 
BalLey, 1890, Roy. Micr. Soc., Journ., pt. 5, 
p. 559, pl. 10, figs. 14-15. 

Vaginulina truncata CHAPMAN, 1894, Roy. Micr. 
Soc., Jour., pp. 423-424, pl. 8, figs. 5-6. 

Vaginulina arguta EGGER, 1/899, Bayer Akad. 
Wiss. Miinchen, Abh., Cl. 2, vol. 21, p. 99, 
pl. 10, fig. 10. 

Vaginulina truncata EGGER, 1899, Ibid., p. 99, 
pl. 25, figs. 14-15; /907, Nat. Ver. Nassau, 
Bericht., XX, pp. 32-33, pl. 3, fig. 17. 

Vaginulina arguta FRANKE, 1928, Preuss. geol. 
Landes., Abh., n. ser., vol. 111, pp. 78, 83, pl. 
7, fig. 29. 

Vaginulina kochit CUSHMAN and ALEXANDER, 
1930, Cushman Lab. Foram. Research, Contr., 
vol. 6, no. 1, p. 1, pl. 1, figs. 1-9. 

Vaginulina arguta EICHENBERG, 1933, Nieder- 
sichs geol. Ver., Jahresber., 25, Folge 1, p. 10, 
pl. 8, fig. 5. 

Vaginulina truncata EICHENBERG, 1933, Ibid., 
p. 187, pl. 20, fig. 6; 1934, Ibid., p. 179, pl. 
16, fig. 5; 1935, Mitteil, Roemer-Mus., No. 
37, p. 28, pl. 5, fig. 9. 


The following description is from Cush- 
man and Alexander (1930): 


Test much compressed, the sides parallel, 
sutures raised, wall otherwise typically smooth, 
periphery usually somewhat concave; aperture at 
the upper angle of the test, radiate. 


EXPLANATION OF PLATE 15 


Fics. la—2b—Textularia rioensis Carsey. la, Side view of typical specimen; }, apertural view; 2a, 
side view of short, compressed specimen of the type called T. conica by Carsey; 6, aper- 


tural view, X55. 


(p. 98) 


3—4b—Textularia washitensis Carsey. 3, Side view of adult specimen, X44; 4a, side view; 3}, 


apertural view of shorter form, X55. 


(p. 98) 


5a—b—Bigenerina wintoni Cushman and Alexander. 5a, Side view; 5, edge view of hypotype, 


x44. 


(p. 99) 


6a—b—Gaudryina cushmani Tappan, n. sp. 6a, Side view; 6, apertural view of holotype, 44. 


7—Gaudryinella delrioensis Plummer. Side view, X77. 


(p. 99) 
(p. 99) 


8a—c—Massilina planoconvexa Tappan, n. sp. 8a, b, Side views of holotype; c, edge ~~ x44. 

p. 100) 

9a—10—Placopsilina longa Tappan, n. sp. 9a, Side view; b, edge view of holotype, X44; 10, 
outline drawing of unusualiy long specimen, X12. 

11a—b—Lenticulina gaultina (Berthelin). /1/a, Side view; 5, face view, X44. 

12a—b— Marginulina sp. A. 12a, Side view; 6, apertural view, X77. 

13a—c— Marginulina sp. B. 13a, Side view; 6, face view; c, apertural view, X55. 


(p. 100) 
(p. 101) 
(p. 101) 
(p. 101) 
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Length of small microspheric specimen, 
0.39 mm; width, 0.19 mm; length of large 
megalospheric form, 1.96 mm; width, 0.36 
mm. 

Types.—Hypotype of figure 2 (Cushman 
coll. no. 25066) and figure 3 (Cushman coll. 
no. 25067) from middle of zone 1. Hypo- 
type of figure 4 (Cushman coll. no. 25068) 
from base of zone 1, Grayson Bluff. 

Remarks.—According to Cushman and 
Alexander (1930 a), 


The whole test is generally triangular in side 
view but the outline varies greatly.... In the 
microspheric form the dorsal margin may be 
nearly straight, and the early chambers show 
very little of the curve, the whole test being less 
broad than in the microspheric form. 

Roemer’s species is apparently the same as 
that figured later by Reuss, Berthelin and others 
from the Lower Cretaceous of Europe. The raised 
sutures and concave or flattened periphery re- 
main constant while the shape changes as noted. 


V. kochit Roemer was recorded by Cush- 
man from the Duck Creek formation. It 
ranges throughout the Washita group and 
is common throughout the Grayson forma- 
tion. 


VAGINULINA KOCHII STRIOLATA Reuss 
Plate 17, figure 5 


Vaginulina striolata Reuss, 1863, Akad. Wiss. 
Wien., Sitz., vol. 46, pt. 1, p. 46, pl. 3, fig. 7. 
Vaginulina strombecki Reuss, 1863, Ibid., p. 46, 

pl. 3, fig. 8. 

Vaginulina comitina BERTHELIN, 1880, Soc. géol. 
France, Mém., ser. 3, vol. 1, mem. 5, p. 38, 
pl. 1, figs. 21a-d. 

Vaginulina gaultina BERTHELIN, 1880, Ibid., p. 
39, pl. 1, figs. 23-24. 

Vaginulina gaultina CHAPMAN, 1894, Roy. Micr. 
Soc., Jour., p. 425, pl. 8, figs. 8a—b. 

Vaginulina comitina CHAPMAN, 1894, Ibid., p. 
426, pl. 8, fig. 11. 

Vaginulina striolata CHAPMAN, 1894, Ibid., p. 
425, pl. 8, fig. 10. 

Vaginulina striolata FRANKE, 1928, Preuss. geol. 
Landesansalt, Abh., n. ser., vol. 111, pp. 78, 82, 
pl. 7, fig. 23. 

Vaginulina kochii var. striolata CUSHMAN and 
ALEXANDER, 1930, ‘ees | Foram. 
Research, Contr., vol. 6, pt. 1, 4, pl. 1, 
figs 10-16; Cushman, 1933, Spec. Publ. 3, pu 
20, fig. 11. 

Vaginulina sp. EICHENBERG, 1934, Niedersichs 
geol. Ver., Jahresber., 26, p. 177, pl. 14, fig. 6. 


The following description is from Cush- 
man and Alexander (1930): 


In this variety the raised sutures are usually 
marked by obliquely transverse depressions, 
breaking the sutures into a series of short oblique 
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ridges. This ornamentation may be very slight or 
may increase and spread somewhat to the inter- 
mediate chamber portions as well as the sutures. 
Occasionally only a few of the sutures show the 
ornamentation, and in other specimens in the 
same series it may involve nearly the whole surface. 


Length of hypotype, 1.16 mm; width, 0.27 
mm. 

Type.—Hypotype (Cushman coll. no. 
25069) from base of zone 1, Grayson Bluff. 


Remarks.—Cushman lists this variety 
from the Duck Creek formation. It ranges 
throughout the Washita group and is com- 
mon in the Grayson formation. 


VAGINULINA LINEARIS (Reuss) 
Plate 17, figures 6a—b 
Cristellaria linearis Reuss, 1863, Akad. Wiss. 
Wien., Sitz., vol. 46, p. 66, pl. 12, figs. 1a—b. 
Cristellaria linearis CHAPMAN, 1894, Roy. Micr. 
Soc., Journ., pp. 645-646, pl. 9, figs. la—b. 


Test elongate, slender, arcuate, early 
stage but faintly suggestive of a coil, sub- 
triangular in cross-section, sharply angled 
dorsal margin; chambers somewhat inflated; 
sutures distinct, depressed, curved, highest 
dorsally; wall calcareous, surface smooth; 
aperture radiate, at the peripheral angle. 
Length of hypotype, 0.56 mm; breadth, 0.09 
mm; width, 0.06 mm. 

Type——Hypotype (Cushman coll. no. 
25070) from middle of zone 1, Grayson 
Bluff. 

Remarks.—This species has been recorded 
from England and Germany and is fairly 
common in the Grayson formation. V. 
parallela (Reuss)=Cristellaria  parallela 
Reuss (1863 a) may be the megalospheric 
form of V. linearis (Reuss), as the two are 
very similar. 


VAGINULINA RECTA Reuss 
Plate 17, figures 7a—8 


Vaginulina recta Reuss, 1863, Akad. Wiss. 
Wien., Sitz., vol. 46, p. 48, pl. 3, figs. 14-15. 
Vaginulina recta BERTHELIN, 1880, Soc. géol. 
France, Mém., Ser. 3, vol. 1, mem. 5, p. 41, 

pl. 25, figs. Sa—b, 6a—b. 

Vaginulina recta BuRROWS, SHERBORN and 
BalLeEy, 1890, Roy. Micr. Soc., Journ., pt. 5, 
p. 559, pl. 10, figs. 10-13. 

Vaginulina recta CHAPMAN, 1894, Roy. Micr. 
Soc., Journ., p. 422, pl. 8, fig. 1. 

Vaginulina recta EGGER, 1907, Nat. Ver. Nassau, 
Ber., 20, p. 32, pl. 3, figs. 21-22; 1910, Nat. 
‘i es. Bericht., pp. 112-113, pl. 

, fig. 6. 
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Vaginulina recta FRANKE, 1928, Preuss. geol. 
Landes., Abh., n. ser., vol. 111, p. 82, pl. 7, 
figs. 27-28. 

Va ssnalins recta CUSHMAN and ALEXANDER, 1930, 
Cushman Lab. Foram. Research, Contr., vol. 
6, pt. 1, p. 4, pl. 1, figs. 17-22 
The following description is from Cush- 

man and Alexander (1930): 

Test elongate, much compressed, the faces 
nearly parallel, periphery usually slightly con- 
cave, chambers of nearly uniform width through- 
out, giving a test with nearly parallel sides; su- 
tures raised, test otherwise smooth; aperture at 
the dorsal angle, radiate. 

Length of large hypotype, 0.98 mm; width, 

0.08 mm; width of proloculum, 0.17 mm; 

thickness through proloculum, 0.19 mm. 
Types.—Adult hypotype (Cushman coll. 

no. 25071) from base of zone 1, hypotype 

showing plastogamy (Cushman coll. no. 

25072) from middle of zone 1, Grayson 

Bluff. 

Remarks.—According to Cushman and 
Alexander (1930), 

This species is widely recorded in the Creta- 
ceous of Europe by Reuss, Berthelin, Burrows, 
Sherborn and Bailey, Chapman, Egger, and 
Franke. It is close to V. kochiit in many of its 
characters, but may be distinguished by the nar- 
row test with nearly parallel sides. 

The proloculum varies from smooth to a 
form with two or more striations across it. 
Cushman and Alexander recorded this 
species from the Denton and Weno forma- 
tions. It ranges throughout the Washita 
group, but is less common than V. kochii 
in the Grayson. 


VAGINULINA TRIPLEURA (Reuss) 
Plate 17, figures 11a—12b 

Cristellaria tripleura Reuss, 1860, Akad. Wiss. 
Wien., Sitz., vol. 40, p. 211, pl. 9, fig. 5. 

Cristellaria tripleura CHAPMAN, 1894, Roy. Micr. 
Soc., Jour., p. 652, pl. 10, figs. 6a-b. 

Cristellaria tripleura EGcrR, 1899, Bayer Akad. 
Wiss. Miinchen, Abh., Ci. z vol. 21, p. 112, 
pl. 12, figs. 22-24. 

Test small, broad, arcuate; chambers in- 
flated; sutures distinct, depressed, curved 
to slightly sigmoid; wall calcareous, smooth, 
aperture radiate, at the peripheral angle. 
Length of specimen in figure 11, 0.47 mm; 
width, 0.16 mm; length of specimen in figure 
12, 0.35 mm; width, 0.13 mm. 

Types.—Hypotypes in figure 11 (Cush- 
man coll. no. 25075) and figure 12 (Cush- 
man coll. no. 25076) from middle of zone 1, 
Grayson Bluff. 


Remarks.—This species tends somewhat 
toward the form of Saracenaria. It is fairly 
common in the Grayson formation. 


Genus FRONDICULARIA Defrance, 1826 
FRONDICULARIA sp. 
Plate 17, figures 13a—14 


Test short and narrow, chambers slightly 
inflated, but never as thick as the proloc- 
ulum; sutures distinct, depressed, highly 
arched in an acute angle; wall calcareous, 
nearly smooth, with about five or six very 
faint, closely parallel, vertical ribs crossing 
the adult chambers and two or more 
stronger vertical ribs crossing the proloc- 
ulum and early one or two chambers, a few 
short, fine and oblique additional ribs bound 
the central strong ribs of the proloculum; 
aperture radiate, terminal, on a short neck. 
Young specimen in figure 13 has a length of 
0.48 mm; breadth, 0.21 mm; width through 
proloculum, 0.12 mm, greatest width 
through chambers, 0.075 mm. The length 
of the adult fragment, the early part of 
which is missing, is 0.66 mm, and the 
breadth is 0.28 mm. 

Type.—Adult specimen (Cushman coll. 
no. 25078) and young specimen (Cushman 
coll. no. 25077) are both from the base of 
zone 1, Grayson Bluff. 

Remarks.—This species is similar to F. 
decheni Reuss but differs in the less distinct 
ribs, the more prominant central pair of 
ribs, and the lobulate periphery. F. dechent 
is of equal breadth throughout its length. 
This is the only species of Frondicularia thus 
far found in the Grayson formation. Gen- 
erally only the young forms with one or two 
chambers occur and the adult fragment 
illustrated was the only adult specimen 
found by the writer. This is especially note- 
worthy in view of the great development of 
Frondicularia, Flabellina and Kyphopyxa in 
the Texas Cretaceous. The young forms of 
this species occur sparingly throughout the 
Grayson formation. 


Subfamily LAGENINAE 
Genus LAGENA Walker and Jacob, 1798 
LAGENA APICULATA (Reuss) 
Plate 17, figures 15a—b 
Oolina apiculata Reuss, 1850, Haidinger’s Nat. 


Abh. , vol. 4, p. 22, pl. 1, fig. 1. 
Lagena apiculata REuvuss, 1863, Akad. Wiss. 
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Wien., Sitz., vol. 46, pp. 318-319, pl. 1, figs. 
4-8, 10-11. 

Lagena apiculata CHAPMAN, 1893, Roy. Micr. 
Soc., Jour., p. 581, pl. 8, figs 2a—3b. 

Lagena apiculata EGGER, 1899, Bayer. Akad. Wiss. 
Miinchen, Abh., Cl. 2, vol. 21, p. 103, pl. 5, 
fig. 32; 1907, Nat. Ver. Nassau, Ber., 20, p. 34, 
pl. 5, fig. 17; 1910, Nat. Ver. Regensburg, 
Bericht., p. 103, pl. 1, fig. 24. 

Lagena apiculata FRANKE, 1928, Preuss. geol. 
Landesanstalt, Abh., n. ser., vol. 111, pp. 84, 
86, pl. 7, fig. 86. 

Lagena apiculata E1ICHENBERG, 1934, Niedersiichs 
geol. Ver., Jahresber., 26, p. 182, pl. 12, fig. 12. 
Test tiny, unilocular, ovate, widest 

toward the base, apical spine at base; wall 

calcareous, surface smooth; aperture radi- 
ate, on a short neck. Length of figured spec- 

imen, 0.28 mm; width, 0.17 mm. 
Type-—Hypotype (Cushman coll. no. 

25079) from base of zone 1, Grayson Bluff. 
Remarks.—This species has been recorded 

from strata varying in age from Cretaceous 

to Recent. It is fairly common in the Gray- 
son formation and ranges throughout the 

Washita group. Only a limited synonymy is 

given here. 


LAGENA HISPIDA Reuss var. 
Plate 17, figures 16a—b 

Lagena hispida Reuss, 1858, Deutsche geol. 
Gesell., Zeitschr., vol. 10, p. 434. 

Lagena hispida CHAPMAN, 1893, Roy. Micr. Soc., 
Jour., pp. 582-583, pl. 8, figs. 9a-10b. 

Lagena hispida EICHENBERG, 1934, 26 Nieder- 
sichs geol. Ver., Jahresber., 26, p. 182, pl. 17, 
fig. 10. 

Test small, unilocular, subspherical; wall 
calcareous, surface finely hispid, covered 
with numerous, microscopically fine and 
numerous spines; somewhat longer apical 
spine at the base; aperture simple, terminal, 
at the end of a long neck, which is nearly 
one-third of the length of the entire test. 
Length of hypotype, including neck, 0.355 
mm; length of neck, 0.095 mm; diameter of 
chamber, 0.24 mm. 

Type—Hypotype (Cushman coll. no. 
25080) from top of zone 2, Grayson Bluff. 

Remarks.—This species is probably a 
variety of that described by Reuss and later 
recorded from strata varying in age from 
Cretaceous to Recent. The surficial spines 
are much finer and more numerous than 
those covering the test of the Upper Cre- 
taceous form identified as L. hispida Reuss. 
This species occurs throughout the Grayson 
formation. 
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LAGENA LEPTATA Tappan, n. sp. 
Plate 17, figure 17 


Test unilocular, cylindrically elongate, 
sides nearly parallel; wall calcareous, sur- 
face ornamented with 12 to 14 low, narrow 
ribs which twist slightly upon the surface of 
the test; aperture simple, terminal at the 
end of a short neck. Length of holotype, 
0.37 mm; diameter, 0.10 mm; length of 
neck, 0.04 mm. 

Type.—Holotype (Cushman coll. no. 
25081) from middle of zone 2, Grayson 
Bluff. This species occurs in varying abun- 
dance throughout the Grayson formation. 

Remarks.—This species differs from L. 
sulcata (Walker and Jacob) in the narrower 
twisting ribs with relatively flat interspaces, 
and the elongate and cylindrical form. 


LAGENA STRIATIFERA Tappan, n. sp. 
Plate 17, figures 18a—b 


Test small, unilocular, globose, wall cal- 
careous, surface ornamented with about 28 
fine, low ribs; aperture simple, terminal, at 
the end of a short neck. Length of holotype, 
0.25 mm; diameter, 0.16 mm; length of 
neck, 0.05 mm. 

Type.—Holotype (Cushman coll. no. 
25082) from upper part of zone 1, Grayson 
Bluff. 

Remarks.—This species differs from L. 
sulcata (Walker and Jacob), which also 
occurs in the Grayson, in its globular shape 
and much finer and more numerous costae. 
It is fairly common in the Grayson, although 
at first glance it is easily confused with L. 
sulcata. 


LAGENA SULCATA (Walker and Jacob) 
Plate 17, figures 19a—b 

Serpula (Lagena) sulcata WALKER and JAcop, 
1798, Adam’s Essays, Kannmacher’s edition, 
p. 634, pl. 14, fig. 5. 

Lagena sulcata CARSEY, 1926, Texas Univ. Bull. 
2612, p. 31, pl. 7, fig. 4. 

Lagena sulcata PLUMMER, 1931, Texas Univ. 
Bull. 3101, p. 159, pl. 10, fig. 11. 


The following description is from Plum- 
mer (1931 b): 


Test flask-shaped, body somewhat elongate 
and ornamented by 10 to 12 sharp costae that 
merge anteriorly and posteriorly into the curva- 
ture of the test; aperture radiate at the end of a 
long neck; apical spine missing on all specimens 
observed but broken stump proves its original 
existence. 
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Length of hypotype, 0.23 mm; diameter, 
0.15 mm; length of neck, 0.04 mm. 

Type—Hypotype (Cushman coll. no. 
25083) from base of zone 3, Grayson Bluff. 

Remarks.—This species has been recorded 
from Cretaceous to Recent. Only a very 
limited synonymy is given here. This species 
is common both in the Del Rio and the 
Grayson and ranges throughout the Washita 


group. 


Family POLYMORPHINIDAE 
Subfamily POLYMORPHININAE 
Genus PALEOPOLYMORPHINA Cushman 
and Ozawa, 1930 
PALEOPOLYMORPHINA OZAWAI 
Tappan, n. sp. 

Plate 17, figures 20a—21c 


Test elongate, early chambers spiral, later 
ones biserial, chambers inflated, elongate, 
last two chambers much enlarged, over- 
hanging over earlier chambers; sutures dis- 
tinct, depressed; wall calcareous, surface 
smooth; aperture radiate, terminal on the 
last formed chamber. Length of holotype, 
0.38 mm; breadth, 0.15 mm; length of 
smaller specimen, 0.32 mm; breadth, 0.16 
mm. 

Type-——Holotype (Ctshman coll. no. 
25084) and paratype (Cushman coll. no. 
25085) from lower part of zone 1, Grayson 
Bluff. 

Remarks.—This species differs from P. 
gaultina (Berthelin) in the irregular margin 
caused by the more inflated chambers and 
more deeply depressed sutures. P. ozawat, 
n. sp. is also one-sixth to one-third larger 
than P. gaultina. The species is named in 
honor of the late Dr. Yoshiaki Ozawa, who 
contributed much to the study of this 
family. 


Genus PSEUDOPOLYMORPHINA Cushman 
and Ozawa, 1928 
PSEUDOPOLYMORPHINA ROANOKENSIS 
Tappan, n. sp. 

Plate 17, figures 22a—23, 25 


Test elongate; early portion somewhat 
irregular, globuline or quinqueloculine at 
first, later tending to become uniserial; 
sutures indistinct; wall calcareous, surface 
of early portion smooth, later portion of test 
and apertural fistulose growth finely hispid; 
aperture obscured by fistulose growth, no 
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unbroken specimens without it having been 
observed, fistulose portion consisting of 
long, irregular, tapering tubes of various 
sizes, frequently broken off so that they 
may be mistaken for a species of Ramulina. 
Total length of holotype, 0.49 mm; length 
from tip to tip of fistulose portion, 0.635 
mm; maximum diameter of test, 0.13 mm. 

Type.—Holotype (Cushman coll. no. 
25086) from lower part of zone 1, paratypes 
(Cushman coll. no. 25087 and Cushman coll. 
no. 25088) from middle of zone 1, Grayson 
Bluff. 

Remarks.—The specific name refers to 
the type locality of the species, which is 
near Roanoke, Denton County, Texas. P. 
roanokensis is fairly common at this locality. 
The early portion is somewhat similar to P. 
jonesi Cushman and Ozawa (1930, p. 107) 
in general outline, appearance of the su- 
tures, and cylindrical form. P. roanokensis 
differs in the more tapering base, hispid sur- 
face near the aperture, typical fistulose 
growth and smaller size. 


Genus GLoBULINA d’Orbigny, 1839 
GLOBULINA LACRIMA Reuss var. 
SUBSPHERICA (Berthelin) 
Plate 17, figures 24a—b 


Polymorphina subspherica BERTHELIN, 1880, 
Soc. Géol. France, Ser. 3, vol. 1, mem. 5, p. 58, 
pl. 4, figs. 18a—b. 


Globulina lacrima var. subspherica CUSHMAN and 
Ozawa, 1930, U. S. Nat. Mus. Proc. vol. 77, 
art. 6, p. 78, pl. 19, figs. 5-7. 

The following description of Globulina 
lacrima Reuss is from Cushman and Ozawa 
(1930): 

Test subglobular, the base broadly rounded, 
apertural end produced and regularly acuminate, 
the sides straight and not concave, typically 
rounded in end view; chambers few, extending 
back almost to the base; sutures not depressed; 
wall smooth; aperture radiate, slightly produced. 


According to Cushman and Ozawa (1930) 
the variety differs from the typical form 
in the slightly compressed test, which is more 
rounded at the base than at the apertural end. 


... Length, 0.33-0.45 mm; breadth, 0.30-0.40 
mm; thickness, 0.20-0.30 mm. 


Length of hypotype, including fistulose 

growth, 0.35 mm; width, 0.16 mm. 
Type-—Hypotype (Cushman coll. no. 

25089) from middle of zone 1, Grayson Bluff. 
Remarks.—The majority of the Grayson 
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specimens are fistulose. This variety is 
fairly common in the Grayson formation, 


Genus Pyrutina d’Orbigny, 1839 
PYRULINA CYLINDROIDES (Roemer) 
Plate 18, figures la—c 
Polymorphina cylindroides ROEMER, 1838, Neues 

Jahrb., p. 385, pl. 3, fig. 26. 

Polymorphina cylindroides H. B. BRADY, PARKER 
and Jones, 1870, Linn. Soc., Trans., vol. 27, 
p. 221, pl. 39, figs. 6a—c. 

Polymorphina fusiformis CUSHMAN (not ROE- 
MER), 1926, Amer. Assoc. Petroleum Geologist, 
Bull., vol. 10, p. 604, pl. 20, fig. 14. 

Pyrulina cylindroides CUSHMAN and Ozawa, 
1930, U. S. Nat. Mus. Proc., vol. 77, art 6, 
p. 56, pl. 14, figs. 1-5. 


The following description is from Cush- 
man and Ozawa (1930): 


Test elongate, fusiform to cylindrical, acumi- 
nate toward both extremities, almost circular in 
cross-section; chambers elongate, not much em- 
bracing, arranged in a nearly triserial series, 
tending to become biserial, each succeeding 
chamber farther removed from the base; sutures 
but little depressed; wall smooth; aperture radi- 
ate. Length, 0.50 mm-1.10 mm; breadth, 0.18- 
0.32 mm; thickness, 0.15-0.30 mm. 


Type—Hypotype (Cushman coll. no. 
25090) from middle of zone 1, Grayson 
Bluff. 

Remarks.—The figured specimen, al- 
though somewhat smaller than the limits 
given by Cushman and Ozawa for this 
species, is nevertheless assigned to it. The 
length of the hypotype is 0.315 mm; 
breadth, 0.14 mm; width, 0.11 mm. This 
species is fairly common throughout the 
Grayson formation. 


PYRULINA LONGA Tappan, n. sp. 
Plate 18, figures 2a—b 


Test large, elongate, fusiform, early 
chambers indistinct, probably triloculine, 
later biserial, tending to become uniserial, 
chambers elongate; sutures faint, very 
slightly depressed; wall calcareous, ‘surface 
smooth; aperture generally obscured by a 
fistulose growth which has openings at the 
ends of the tubes. Length of holotype 0.92 
mm; breadth, 0.27 mm. 

Type-——Holotype (Cushman coll. no. 
25091) from upper part of zone 2, Grayson 
Bluff. 

Remarks.—P. longa, n. sp., resembles P. 
fusiformis (Roemer) in the general appear- 





HELEN TAPPAN 


ance, but is more slender in proportion to its 
length, the chambers are more elongate and 
the sutures more depressed. P. longa, n. sp. 
is an unusually large species and generally 
possesses the fistulose growth. It is fairly 
common in the Grayson formation. 


Subfamily RAMULININAE 
Genus RAMULINA Rupert Jones, 1875 
RAMULINA cf. GLOBULIFERA Brady 
Plate 18, figure 3 
Ramulina globulifera Bravy, 1884, Rept. Voy. 

Challenger, Zoology, vol. 9, p. 587, pl. 76, 

figs. 22-28 
Ramulina globulifera CHAPMAN, 1896, Roy. Micr. 

Soc., Jour., pp. 582-583, pl. 12, figs. 5-6. 

This smooth, fistulose, branching, de- 
generate end member is referred to Brady’s 
species by reason of its simplicity. Fistulose 
growths are also commonly developed about 
the apertures of the Grayson Polymorphin- 
idae. 

Type-—Hypotype (Cushman coll. no. 
25092) from base of zone 1, Grayson Bluff. 


RAMULINA SP. 
Plate 18, figure 4 
Ramulina globulifera CHAPMAN, 1896 (BRADY ?), 

Roy. Micr. Soc., Jour., pp. 582-583, pl. 12, 

figs. 3-4. 

Test medium in size, generally composed 
of a single, elongate, fusiform, slightly 
arcuate chamber, open at both ends and 
roundly inflated near the mid-region; wall 
calcareous, surface distinctly hispid. Length 
of chamber, 0.80 mm; greatest width, 0.23 
mm. 

Type.—Figured specimen (Cushman coll. 
no. 25093) from top of zone 2, Grayson 
Bluff. This species is fairly common through- 
out the Grayson formation and has been 
separated from the typical R. globulifera 
Brady as it seems distinct. 


Genus BULLOPORA Quenstedt, 1856 
BULLOPORA CERVICORNIS (Chapman) 
Plate 18, figure 5 


Ramulina cervicornis CHAPMAN, 1896, Roy. Micr. 
Soc. Jour., pp. 584-585, pl. 12, figs. 10~11. 

Vitriwebbina cervicornis EICHENBERG, 1934, 
Niedersichs geol. Ver., Jahresber., 26, p. 184, 
pl. 16, fig. 2. 


Test an elongate attached tube, bifurcat- 
ing occasionally, of nearly equal width 
throughout its length, the specimen figured 
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ty Chapman showing a dichotomous ar- 
rangement of the branching; wall calcareous, 
surface smooth; apertures at the open ends 
of the tubes. Diameter of tube, 0.25 mm. 

Type.—Hypotype (Cushman coll. no. 
25094) from base of zone 1, Grayson Bluff. 

Remarks.—Attached forms are common 
throughout the Grayson formation, but are 
probably generally overlooked as they are 
found adhering to shells of various macro- 
scopic fossils. 


BULLOPORA LAEVIS (Sollas) 
Plate 18, figure 6 
Vitriwebbina laevis SoLtas, 1877, Geol. Mag., 
n. ser., decade 2, vol. 4, no. 3, pp. 103-104, 
pl. 6, figs. 1-3. 
Vitriwebbina laevis CHAPMAN, 1896, Roy. Micr. 
Soc., Jour., pp. 585-586, pl. 12, fig. 12. 


Test attached, consisting of a series of in- 
flated oval chambers, connected by slender 
tubular necks, occasionally possessing a 
raised central bulb; aperture at the end 
of the stoloniferous necks. Length of figured 
specimen, 1.5 mm; breadth, 0.45 mm. 

Type-—Hypotype (Cushman coll. no. 
25095) from base of zone 1, Grayson Bluff. 


BULLOPORA SP. 
Plate 18, figure 7 


Test attached, irregular in shape with 
numerous tubes arising from the central 
portion, an occasional chamber has raised 
central bulbs, similar to those of B. laevis 
(Sollas) and B. cervicornis (Chapman), to 
one of which it may later be referred. Total 
length of figured specimen, 1.95 mm; width 
varies from 0.16 to 0.35 mm. 

Type.—Figured specimen (Cushman coll. 
no. 25094) from base of zone 1, Grayson 
Bluff. This form is on the lower left of the 
same shell fragment as the B. cervicornis 


hypotype. 


Family HETEROHELICIDAE 
Subfamily GUMBELININAE 
Genus GUMBELINA Egger, 1899 
GUMBELINA WASHITENSIS Tappan, n. sp. 
Plate 19, figures la—b 


Test tiny, biserial, tapering gradually; 
chambers globular, closely appressed; su- 
tures distinct, depressed, more angular 
toward the base, nearly straight among the 
later chambers; wall calcareous, finely per- 
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forate, surface smooth; aperture low, semi- 
lunate, at the base of the last formed 
chamber. Length of holotype, 0.21 mm; 
breadth, 0.12 mm; thickness, 0.08 mm. 

Type——Holotype (Cushman coll. no. 
25096) from upper part of zone 1, Grayson 
Bluff. 

Remarks.—This species differs from G. 
globulosa (Ehrenberg) in its much smaller 
size, being about one-half the size of the 
average Upper Cretaceous specimen, and 
usually much thinner. G. washitensis n. sp. 
is also very similar to G. moremani Cushman 
but is smaller, has more nearly horizontal 
sutures and more globular chambers. The 
chambers of G. moremani are somewhat 
produced at the lower margins, giving the 
chambers an obliquely elongate appearance. 
The sutures also are oblique. G. washitensis 
n. sp. is abundant in the Grayson formation 
and ranges throughout the Washita group. 


Genus GUMBELITRIA Cushman, 1933 
GUMBELITRIA HARRISI Tappan, n. sp. 
Plate 19, figures 2a—b 


Test minute, triserial, tapering rapidly; 
chambers becoming more inflated and more 
globular as added; sutures distinct, de- 
pressed; wall calcareous, finely perforate; 
aperture low, at the base of the last formed 
chamber. Length of holotype, 0.25 mm; 
width, 0.14 to 0.18 mm. 

Type——Holotype (Cushman coll. no. 
25097) from middle of zone 1,Grayson Bluff. 

Remarks.—This species differs from G. 
cretacea Cushman, of the Upper Creta- 
ceous, in its larger size, lower aperture, less 
rapid flaring and comparatively less breadth. . 
The species is abundant throughout the 
Grayson formation. It is named for Pro- 
fessor R. W. Harris, of the University of 
Oklahoma, to whom the author is indebted 
for valuable assistance in the preparation of 
this paper. 


Genus GUMBELITRIELLA Tappan, n. gen. 


Genotype: Giimbelitriella graysonensis Tap- 
pan, n. sp. 

Test free, small, triserial in the early 
stage, similar to Giimbelitria, later becoming 
multiserial at the top; chambers globular, 
increasing rapidly in size; sutures distinct, 
depressed; wall calcareous, finely perforate; 
aperture at base of final chamber. This 
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genus represents a stage of final multilocular 
development of the tiny triserial genus 
Giimbelitria as the genus Pseudotextularia 
represents a parallel stage of final multi- 
locular development of the biserial genus 
Giimbelina. 

Range—Lower Cretaceous. 


GUMBELITRIELLA GRAYSONENSIS 
Tappan, n. sp. 
Plate 19, figures 3a—c 


Test small, free in the early stage similar 
to Giimbelitria harrisi, n. sp., later chambers 
added irregularly, generally with four or 
five exposed when viewed from above; 
chambers globular, increasing rapidly in 
size; sutures distinct, depressed; wall cal- 
careous, smooth; aperture at base of last- 
formed chamber, occasionally more than 
one. Length of holotype. 0.26 mm; width 
across top, 0.18 to 0.22 mm. 

Type —Holotype (Cushman coll. no. 
25098) from upper part of zone 2, Grayson 
Bluff. 
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Remarks.—This species occurs through- 
out the Grayson formation, but has not 
been noted elsewhere to the knowledge of 
the author. 


Family BULIMINIDAE 
Subfamily BULIMININAE 
Genus BuLIMINA d’Orbigny, 1826 
BULIMINA NANNINA Tappan, n. sp. 
Plate 19, figures 4a—b 


Test minute, triserial, chambers inflated, 
last series much larger than the earlier 
chambers, final pair of chambers forming 
one-half the test; sutures distinct, de- 
pressed; wall calcareous, smooth; aperture 
loop-shaped, in the face of the last formed 
chamber. Length of holotype, 0.21 mm; 
breadth, 0.14 mm. 

Type.—Holotype (Cushman coll. no. 
25099) from lower part of zone 1, Grayson 
Bluff. 

Remarks.—Bulimina nannina is some- 
what similar to B. ovula Reuss, of Bohemia, 
but differs in its smaller size and lower last 





EXPLANATION OF PLATE 16 


Fics. 1—Dentalina communis (d’Orbigny). Side view, X44. 
2—Dentalina cylindroides Reuss. Side view, X44. 
3—Dentalina hammensis (Franke). Side view, X77. 
4a—b—Dentalina sp. 4a, Side view of fragment; b, apertural view, X55. 


(p. 102) 
(p. 102) 
(p. 102) 
(p. 102) 


5a-b—Nodosaria bifurcata Tappan, n. sp. 5a, Side view; b, apertural view of holotype, X55. 


6a—b— Nodosaria lepida Reuss. 6a, Side view; 6, apertural view, X77. 


(p. 103) 
(p. 104) 


7a-8b—Nodosaria obscura Reuss. 7a, Side view; 6, apertural view; 8a, side view of another 


specimen; 6, apertural view, X44. 


(p. 104) 


9-10—Nodosaria chapmani Tappan, n. sp. 9, Holotype; /0, paratype, showing neck and aper- 


ture, X44. 


11—Nodosaria paupercula Reuss. Side view, X55. 
12—Nodosaria amphioxys Reuss. Side view, X44. 


(p. 103) 
(p. 104) 
(p. 103) 


13a—b—P seudoglandulina scotti Tappan, n. sp. 13a, Side view; b, apertural view of holotype, 


x55. 


14a-b—P seudoglandulina sp. 14a, Side view; b, apertural view, X55. 


(p. 105) 
(p. 105) 


15a—b—P seudoglandulina cf. mutabilis (Reuss), 15a, Side view; 6, apertural view, X55. (p. 105) 
16a—b—Saracenaria bononiensis (Berthelin). 16a, Side view; b, face view, showing median rib, 


x55. 


(p. 105) 


x 17a—b—Saracenaria cushmani Tappan, n. sp. 17a, Side view; b, face view of holotype, X55. 


(p. 106) 


18a—c—Lingulina furcillata Berthelin. 18a, Side view; b, edge view; c, apertural view, X55. 


19—Lingulina lamellata Tappan, n. sp. Side view of holotype, X55. 
20a-b—Lingulina nodosaria Reuss. 20a, Side view; b, apertural view, X55. 


(p. 106) 
(p. 106) 
(p. 107) 


2la—b—Lingulina nodosaria Reuss var. semiornata Reuss. 21a, Side view; 6, apertural view, 


x55. 


(p. 107) 


22a-b—Lingulina serrata Tappan, n. sp. 22a, Side view; 6, apertural view of holotype, X55. 


(p. 107) 


23a-24— Vaginulina complanata (Reuss). 23a, Side view; 6, edge view, X44. 24, Side view of 


smaller specimen showing basal spine, X55. 


(p. 107) 


25—Vaginulina complanata (Reuss) var. perstriata Tappan, n. var. Side view of holotype, 
x44. 
26a-b— Vaginulina debilis (Berthelin). 26a, Side view; }, apertural view, X44. 


(p. 108) 
(p. 108) 
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FORA MINIFERA FROM GRAYSON FORMATION, TEXAS 


chambers, as the chambers increase more 
gradually in height. This species is dis- 
tinguished by its small size. It is fairly com- 
mon throughout the Grayson formation. 


Genus NEOBULIMINA Cushman 
and Wickenden, 1928 
NEOBULIMINA MINIMA Tappan, n. sp. 
Plate 19, figures 5a—6 


Test minute, early stage triserial, later 
stage biserial, final pair of chambers form- 
ing approximately one-third of the test, 
slightly twisted, nearly circular in cross- 
section; chambers inflated, slightly elongate, 
wall calcareous, surface smooth, aperture 
broad, loop-shaped at the base of the last- 
formed chamber. Length of holotype, 0.26 
mm; breadth, 0.10 mm; width, 0.08 mm; 
length of paratype, 0.21 mm; breadth, 0.09 
mm. 

Type.—Holotype (Cushman coll. no. 
25100) from middle of zone 1, paratype 
(Cushman coll. no. 25101) from top of zone 
1, Grayson Bluff. 

Remarks.—This_ species is somewhat 
similar to N. canadensis Cushman and 
Wickenden (1928, p. 53), in size and general 
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outline. M. minima n. sp. has a more 
pointed base and more regularly enlarging 
chambers, less depressed sutures (so that it 
has an almost circular cross-section) and a 
more slender form throughout. This species 
occurs abundantly throughout the Grayson 
formation, but may be overlooked because 
of its tiny size. 


Subfamily VIRGULININAE 
Genus VIRGULINA d’Orbigny, 1826 
VIRGULINA MINUTA Cushman 
Plate 19, figures 7a—b 


Virgulina minuta CUSHMAN, 1936, Cushman 
Lab. Foram. Research, Contr., Spec. Publ. 6, 
p. 47, pl. 7, figs. 3a-—c; 1937, Ibid., Spec. Publ. 
9, p. 4, pl. 1, figs. 6-7. 


The following description is from Cush- 
man (1936 c): 


Test small, slender, gradually tapering from 
the rounded base, in the adult with the sides 
nearly parallel, somewhat lobatulate, later por- 
tion somewhat compressed, about three times as 
long as broad, periphery broadly rounded; cham- 
bers numerous, distinct, depressed, strongly ob- 
lique to the periphery; wall smooth, finely per- 
forate; aperture narrow, elongate, at the inner 
margin (of the last-formed chamber). Length, 
0.25 mm; breadth, 0.08 mm; thickness, 0.06 mm. 


EXPLANATION OF PLATE 17 


Fics. la—~c—Vaginulina geisendirferi Franke. 1a, Side view; b, dorsal view; c, face view showing wide 


apertural face, X55. 
2-4 





(p. 109) 


Vaginulina kochii Roemer. 2, Side view of adult form, X44. 3, Side view of microspheric 


specimen of the type called V. arguta by European authors, X44. 4, Side view of young 


megalospheric form, X55. 


(p. 109) 





5—Vaginulina kochii Roemer var. striolata Reuss. Side view, X44. (p. 110) 
6a—b— Vaginulina linearis (Reuss). 6a, Side view; b, cross-section to show acute dorsal at 
55 p. 110 
7a-8—Vaginulina recta Reuss. 7a, Side view; b, edge view, X55. 8, small specimen showing 
plastogamy, X77 _ (p. 110) 
9-10—Marginulina tenuissima Reuss. 9, Adult specimen, X44. /0, Young specimen, X55. 


(p. 101) 
1 1la—12b— Vaginulina tripleura (Reuss). //a, Side view; b, apertural view. 12a, Side view; ), 
face view, X55. (p. 111) 


13a—14—Frondicularia sp. 13a, Side view; b, edge view of young specimen. /4, Fragment of 


adult specimen, X55. (p. 111) 
15a—b—Lagena apiculata (Reuss). 15a, Side view; b, apertural view, X55. (p. 111) 
16a—b—Lagena hispida Reuss var. J6a, Side view; b, apertural view, X55. (p. 112) 
17—Lagena leptata Tappan, n. sp. Side view of holotype, X55. (p. 112) 


18a—b—Lagena striatifera Tappan, n. sp. 18a, Side view; 6, apertural view of tees ‘i 
p. 
19a-b—Lagena sulcata (Walker and Jacob). /9a, Side view; b, apertural view, X55. (p. 112) 
20a-2 1c—Paleopolymorphina ozawai Tappan, n. sp. 20a, b, Two views of holotype, 2/a, 6, side 
view of a paratype; c, edge view, X55. (p. 113) 
22a-23, 25—Pseudopolymorphina roanokensis Tappan, n. sp. 22a, 6, Side views of holotype 
showing inflated base, X55. 23, Large paratype showing well developed uniserial portion, 
X55. 25, Small specimen, X 55. (p. 113) 
24a-b—Globulina lacrima Reuss var. subspherica (Berthelin). 24a, b, Side views of fistulose 
specimen, X55. (p. 113) 
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Type.—Topotype (Cushman coll. no. 
25102) from middle of zone 1, Grayson 
Bluff. This is the type locality of this species, 
and one at which it is quite abundant. 


Genus Bo.tvina d’Orbigny, 1839 
BOLIVINA cf. TEXTILARIOIDES Reuss 
Plate 18, figures 8a—c 
Bolivina textilarioides Reuss, 1863, Akad. Wiss. 
— Sitz., vol. 46, pt. 1, p. 81, pl. 10, figs. 

la-b. 

Bolivina textilarioides CUSHMAN, 1937, Cushman 
Lab. Foram. Research, Contr., Spec. Publ. 9, 
pp. 37-38, pl. 5, fig. 18. 

The following description is from Cush- 

man (1937 c): 


Test elongate, tapering gradually, with the 
greatest width near the apertural end, slightly 
compressed, periphery rounded; chambers num- 
erous, distinct, higher than broad, increasing 
rather regularly in size as added, and of uniform 
shape; sutures distinctly convex downward to- 
ward the initial end, slightly depressed; wall 
smooth; aperture narrow elongate, in the median 
line, reaching well into the terminal face from its 
inner margin. 


Type.—Hypotype (Cushman coll. no. 
25103) from base of zone 1, Grayson Bluff. 

Remarks.—According to Cushman, 

This is one of the earliest species of the genus 
known, and it should be noted that in many of 
its characters it resembles Virgulina, particularly 
in the rounded periphery, the sutures curved 
toward the initial end, and the characters of the 
aperture. The species, however, seems to be bi- 
serial throughout. 


This species is rather rare in the Grayson 
formation and seems to show more twisting 
than does the specimen figured by Reuss. 


Genus BIFARINA Parker 
and Jones, 1872 
BIFARINA TENUILISSA Tappan, n. sp. 
- Plate 18, figure 9 


Test tiny, early portion biseria], later 
irregular and then uniserial; chambers in- 
flated, globular; sutures distinct, depressed; 
wall calcareous, surface smooth; aperture 
terminal. Length of holotype, 0.52 mm; 
breadth, 0.07 mm; 

Type-——Holotype (Cushman coll. no. 
25104) from middle of zone 1, GraysonBluff. 

Remarks.—B. tenuilissa is similar in 
chamber development to B. fimbriata Mil- 
lett, both having a short biserial stage and 
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elongate uniserial portion. It differs in the 
smooth and simple chambers which lack 
ornamentation of any type. The chambers 
are globular, the sutures depressed and the 
aperture simple, while in B. fimbriata the 
chambers have a peripheral fimbriate ridge 
and are depressed between the ridges, while 
the aperture has a phialine lip. B. tenutlissa 
n. sp. is distinguished by its slender form, 
elongate uniserial portion and tiny biserial 
portion. Some specimens are apparently 
slightly arcuate. The species occurs rather 
sparingly in the Grayson. 


Subfamily UvIGERININAE 
Genus DENTALINOPSIS Reuss, 1860 
DENTALINOPSIS EXCAVATA (Reuss) 

Plate 18, figures 10a—b 


Rhabdogonium excavatum Reuss, 1862, Akad. 
Wiss. Wien., Sitz., vol. 46, p. 91, pl. 12, figs. 
8a-c. 

Rhabdogonium excavatum BERTHELIN, J880, Soc. 
a France, Mém., ser. 3, vol. 1, mem. 5, 
p. 47. 

? Rhabdogonium minutum BuRROWS, SHERBORN 
and BaILey, 1890, Roy. Micr. Soc., Jour., p. 
559, pl. 10, fig. 8. 

Rhabdogonium excavatum CHAPMAN, 1894, Roy. 
Micr. Soc., Jour., p. 160, pl. 4, figs. 9a—b. 

Rhabdogonium excavatum EGGER, 1899, Bayer 
Akad. Wiss. Miinchen, Abh., Cl. 2, vol. 21, 
p. 92, pl. 17, figs. 23-24. 

Rhabdogonium excavatum FRANKE, 1925, Griefs- 
wald, Univ. Geol.-Paleont. Inst., Abh., vol. 6, 
p. 53, pl. 4, fig. 20. 

Clavulina sp. MARGARET CARPENTER, 1925, 
Texas Univ. Bull. 2544, pl. 16, fig. 4. 

Rhabdogonium excavatum FRANKE, 1928, Preuss. 
geol. Landesanstalt, Abh., n. ser., vol. 111, pt. 
3, p. 73, pl. 6, figs. 22a—b. 

Dentilinopsis excavata PLUMMER, 1931, Texas 
Univ. Bull. 3101, p. 187, pl. 11, figs. 11-12. 


The following description is from Plum- 
mer (1931 b): 


Test elongate, tricarinate, straight to slightly 
arcuate; chambers uniserial from a globular pro- 
loculum, short, triangular in cross-section with 
concave lateral faces, curved downward, lobate 
along lateral edges with an occasional posterior 
projection in the form of a blunt spine; sutures 
excavated; aperture a terminal round opening. 
Average length, 0.45 mm; breadth, 0.18 mm. 


Type.—Hypotype (Cushman coll. no. 
25105) from base of zone 1, Grayson Bluff. 
Remarks.—According to Plummer, 


Most tests of this species in the Texas strata 
are straight but some unusually well developed 
and unusually long tests show a slight curvature. 
The degree of lateral excavation and the degree of 
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angularity of the lateral angles vary amongst 
specimens from the same sample. 


Length of hypotype, 0.69 mm; width across 
one face, 0.19 mm. This species is common 
in the Grayson and Del Rio and ranges 
throughout the Washita group. 


DENTALINOPSIS MARTENSI (Reuss) 
Plate 18, figures 1la—c 
Rhabdogonium méartensi Reuss, 1863, Akad. 

Wiss. Wien., Sitz., vol. 46, p. 56, pl. 5, fig. 4. 
Rhabdogonium maertensi CHAPMAN, 1894, Roy. 
Micr. Soc., Jour., p. 160, pl. 4, figs. 10a—b. 


Test generally short, quadrate, uniserial 
throughout; chambers extending farthest 
down on each of the four corners, increasing 
in height as added, but expanding only 
slightly; sutures distinct, depressed, highly 
arched in the middle of each side of the 
test; wall calcareous, smooth; aperture 
terminal, rounded. Length of hypotype, 
0.46 mm; breadth of side, 0.14 mm; width 
through center, from centers of opposite 
faces, 0.13 mm. 

Type-——Hypotype (Cushman coll. no. 
25106) from base of zone 1, Grayson Bluff. 

Remarks.—This species occurs sparingly 
throughout the Washita group. It is distin- 
guished from D. excavata (Reuss) in its four- 
sided character and smaller size. It rarely 
has as many chambers as D. excavata. 


DENTALINOPSIS SUBQUADRATA 
Tappan, n. sp. 
Plate 18, figures 12a—c 


Test broad, uniserial, irregularly lineate, 
faintly quadrate in outline, last chamber 
rounded; chambers inflated, increasing grad- 
ually in width; sutures faint, slightly de- 
pressed; wall calcareous, smooth; aperture 
rounded, terminal. Length of holotype, 0.59 
mm; greatest diameter of final chamber, 
0.30 mm. 

Type.—Holotype (Cushman coll. no. 
25107) from lower part of zone 1, Grayson 
Bluff. 

Remarks.—This species differs from D. 
mirtensit (Reuss), the only other quadrate 
species in the Grayson, in its larger size, 
broader test and more rounded angles. It 
expands gradually while D. mdrtensi is of 
equal width throughout its length. It occurs 
sparingly throughout the Grayson. 
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DENTALINOPSIS TRICARINATUM (Reuss) 
VAR. ACUTANGULUM Reuss 


Plate 18, figures 13a—c 


Rhabdogonium tricarinatum REUss var. acutangu- 
lum Reuss, 1863, Akad. Wiss. Wien., Sitz., 
vol. 46, p. 55, pl. 4, figs. 14a—b, 


Rhabdogonium tricarinatum var. acutangulum 
CHAPMAN, 1894, Roy. Micr. Soc., Jour., pp. 
159-160, pl. 4, figs. 8a—b. 


Test medium in size, triangular in section, 
faces concave; chambers increasing rapidly 
in early stage; sutures distinct, slightly 
thickened, arched in a broad and regular 
curve; wall calcareous, surface smooth, a 
carinate keel at the angles of the test; aper- 
ture terminal, rounded. Length of hypotype 
0.57 mm; width of side, 0.37 mm. 

Type.-—Hypotype (Cushman coll. no. 
25108) from top of zone 1, Grayson Bluff. 

Remarks.—This species differs from D. 
excavata (Reuss) in the more flaring char- 
acter of the test, the concave faces and the 
more highly and more evenly arched sutures. 
D. excavata is approximately the same width 
throughout its length, or slightly flaring. D. 
tricarinatum var. acutangulum occurs spar- 
ingly throughout the Washita group. 


Family ROTALIIDAE 
Subfamily SPIRILLININAE 
Genus SPIRILLINA Ehrenberg, 1843 
SPIRILLINA MINIMA Schacko 
Plate 19, figure 8 


Spirillina minima ScHACKO, 1892, Foram. u. 
Ostra. a. d. Kreide von Moltzow, p. 159, pl. I, 
fig. 4. 

Spirillina minima FRANKE, 1928, Preuss. geol. 
Landesanstalt, Abh., n. ser., vol. 111, p. 16, pl. 
1, fig. 16. 


Test minute, free, planispiral, proloculum 
comparatively large, rounded, second cham- 
ber long, undivided, tubular, closely coiled; 
wall calcareous, finely perforate, aperture 
formed by the open end of the tube. Maxi- 
mum diameter of hypotype, 0.19 mm. 

Type.—Hypotype (Cushman coll. no. 
25109) from base of zone 1, Grayson Bluff. 

Remarks.—This form is distinguished by 
its small size and comparatively large pro- 
loculum. It is more abundant in the lower 
third of the Grayson but ranges throughout. 
It was originally described from Germany. 
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Subfamily DiscoRBINAE 
Genus VALVULINERIA Cushman, 1926 
VALVULINERIA ASTERIGERINOIDES 
Plummer 
Plate 19, figures 9a—c 


Anomalina sp. MARGARET CARPENTER, 1925, 
Texas Univ. Bull. 2544, pl. 17, figs. 9-10. 

Valvulineria asterigerinoides PLUMMER, /931/, 
Texas Univ. Bull. 3101, p. 190, pl. 14, fig. 6. 


The following description is from Plum- 
mer (1931 b): 


Test small, round to somewhat elliptical in 
outline, slightly lobate; periphery broadly 
rounded; dorsal face somewhat depressed; ven- 
tral face gently convex with a broadly excavated 
umbilicus that is surrounded by a star-shaped 
pattern formed by the overlap of successive um- 
bilical flaps; chambers seven to eight in mature 
convolution, last two or three slightly turgid; 
sutures almost radiate on both sides, slightly de- 
pressed between last few chambers; aperture 
near umbilical area under a broad conspicuous 
flap that marks the posterior side of each cham- 
ber. Longest diameter of holotype, 0.34 mm; 
shortest diameter, 0.26 mm; thickness through 
last chamber, 0.15 mm. 


Maximum diameter of hypotype, 0.28 mm; 
minimum diameter, 0.21 mm; _ thickness 
through center, 0.08 mm. 
Type.—Hypotype (Cushman coll. no. 
25110) from middle of zone 1, Grayson Bluff. 
Remarks.—According to Plummer, 


The most striking characteristic of this... 
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species is the ventral stellar pattern formed by 
the overlapping successive broad umbilical flaps, 
The general structure of the trochoid coil is 
typical of the genus Valvulineria with the early 
convolutions depressed beneath the level of the 
last convolution on the dorsal side and with its 
almost radiate sutures. 

The species is common throughout the 
Grayson formation. 


Genus GyroIpIna d’Orbigny, 1826 
GYROIDINA LOETTERLEI Tappan, n. sp. 
Plate 19, figures 10a—c 
Pulvinulina sp. MARGARET CARPENTER, 1925, 

Texas Univ. Bull. 2544, pl. 17, figs. 11, 12. 
Gyroidina nitida PLUMMER, 193] (not Rotalina 

nitida Reuss, 1844), Texas Univ. Bull. 3101, 

p. 191, pl. 14, fig. 5. 

Test small, nearly circular in outline, 
generally with two to two and one-half con- 
volutions, periphery broadly rounded, dorsal 
side gently convex, ventral side slightly 
depressed around the broad umbilical flap, 
which is a posterior extension of the last 
chamber; six to seven chambers in last 
whorl, chambers thick and rounded; sutures 
faintly depressed in the early chambers, and 
distinctly depressed in the later chambers 
of large specimens, giving a faintly lobulate 
appearance, sutures slightly convex toward 
the last chamber; wall calcareous, smooth; 
aperture a narrow slit at the base of the 
septal face, extending toward the umbilicus. 





EXPLANATION OF PLATE 18 


Fics. la-c—Pyrulina cylindroides (Roemer). Ja, b, Side views; c, apertural view, X55. 
2a—b—P yrulina longa Tappan, n. sp. 2a, b, Side views, X55. 
3—Ramulina cf. globulifera Brady, X44. 
4—Ramulina sp., X26. 
5—Bullopora cervicornis (Chapman). Long branching specimen at upper left on shell a a 


X10. 
6—Bullopora laevis (Sollas), X10. 


(p. 114) 
(p. 114) 
(p. 114) 
(p. 114) 


(p. 11 
(p. 115) 


7—Bullopora sp. Small specimen on lower right of same shell fragment as in fig. 5, X10. 


(p. 115) 


8a-c—Bolivina cf. textilarioides Reuss. 8a, b, Side views; c, edge view, X55. (p. 118) 
9—Bifarina tenuilissa Tappan, n. sp. Side view of holotype, X55. (p. 118) 
10a—b—Dentalinopsis excavata (Reuss). 10a, Side view; b, face view, X55. (p. 118) 
11a-—c—Dentalinopsis martensi (Reuss). 11a, Side view; b, face view; c, apertural view, X55. 


(p. 119) 


12a-c—Dentalinopsis subquadrata Tappan, n. sp. 12a, Side view; b, face view; c, apertural view, 
x55 


(p. 119) 


13a-c—Dentalinopsis tricarinatum (Reuss) var. acutangulum Reuss. 13a, Side view; 6, face 


view; c, apertural view, X55. 


(p. 119) 


14a-c—Schackoina primitiva Tappan, n. sp. 14a, Dorsal view; b, ventral view; c, edge view, 


(p. 123) 


15a-16—Anomalina plummerae Tappan, n. sp. 15a, Dorsal view; b, ventral view; c, edge view 


of holotype, X44. 16, Dorsal view of paratype, X55. 


(p. 124) 


17a-18b—Genus (?) species (?). 17a, b, c, Three different views of a large specimen. /8a, }, 


Two views of a small specimen, X55. 


(p. 124) 
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Greatest diameter of holotype 0.23 mm; 
least diameter 0.18 mm; thickness 0.14 mm. 
According to Plummer the average di- 
ameter is 0.28 mm; and the average thick- 
ness 0.14 mm. 

Type-——Holotype (Cushman coll. no. 
25111) from middle of zone 1, Grayson Bluff. 

Remarks.—According to Plummer, 

This small and subglobular test is especially 
distinctive for its umbilical flap which is the 
strongly exaggerated development of a small 
posterior point of the final chamber of many of 
its cogenors in other Texas strata. Because it 
fits very closely the body of the coil, it is well pre- 
served on most tests. 


This species ranges throughout the 
Washita and is abundant in the Del Rio 
and Grayson. The Grayson specimens gen- 
erally show a somewhat plug-like appear- 
ance at the umbilicus on the dorsal side, 
and the sutures are generally very slightly 
depressed, while the Del Rio forms show 
the earlier whorls more distinctly and the 
sutures are more depressed, so that the 
chambers are almost lobulate. 

G. loetterlei, n. sp. differs from Val- 
vulineria plummerae Loetterle in the slightly 
smaller size, greater thickness and fewer 
chambers, which are six to seven in the last 
whorl, as compared to eight or nine in V. 
plummerae. G. loetterlei differs from G. 
nitida (Reuss) in the more numerous cham- 
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bers, which are four to six in the last whorl 
of G. nitida, in the lower ventral face and 
in the presence of the much larger ventral 
umbilical flap. 

This species is named for Dr. G. J. Loet- 
terle, who first called to the writer’s atten- 
tion the distinctness of this species from 
G. nitida (Reuss). In 1937 the Washita 
species was included in the synonymy of the 
new species Valvulineria plummerae Loet- 
terle, from the Niobrara. In a personal 
communication, Dr. Loetterle said that the 
Washita species, which is here named G. 
loetterlei, is distinct from the Niobrara 
form. 


Family GLOBIGERINIDAE 
Subfamily GLOBIGERININAE 
Genus GLOBIGERINA d’Orbigny, 1826 
GLOBIGERINA CRETACEA d’Orbigny 
Plate 19, figures 1la-c 


Globigerina cretacea d’ORBIGNY, 1840, Soc. géol. 
France Mém., ser. 1, vol. 4, p. 34, pl. 3, figs. 
12-14. 

Globigerina cretacea Reuss, 1845, Verstein. 
Bohm. Kreidef., Stuttgart, vol. 6, p. 36, pl. 8, 
figs. 55a—b. 

Globigerina cretacea BURROWS, SHERBORN and 
BaILey, 1890, Roy. Micr. Soc., Jour., pt. 5, 
p. 561, pl. 11, figs. 18a-c. 

Globigerina cretacea CHAPMAN, 1892, vol. 48, 
pl. 15, figs. 13a—c; Quart. Jour. Geol. Soc. 
London; 1896, Jour. Roy. Micro. Soc., pp. 
588-589, pl. 13, figs. 5a—c, 6. 





EXPLANATION OF PLATE 19 
Fics. la—b—Giimbelina washitensis Tappan, n. sp., la, Side view; b, edge view of holotype, X82. 


(p. 115) 


2a-b—Giimbelitria harrisi Tappan, n. sp. 2a, Side view; b, apertural view of holotype, 82. 


(p. 115) 


3a-—c—Giimbelitriella graysonensis Tappan, n. gen., n. sp. 3a, b, Side views of holotype; c, aper- 


tural view, X82. 


4a—b—Bulimina nannina Tappan, n. sp. 4a, b, Side views of holotype, X82. 


(p. 116) 
(p. 116) 


5a-6—Neobulimina minima Tappan, n. sp. 5a, b, Side views of holotype; c, apertural view; 


6, Side view of paratype, X82. 


7a—b—Virgulina minuta Cushman. 7a, Side view; 6, edge view, X82. 
8—Spirillina minima Schacko. Side view, X82. 


(p. 117) 
(p. 117) 
(p. 119) 


9a-—c—Valvulineria asterigerinoides Plummer. 9a, Dorsal view; b, ventral view; c, edge view, 


X82 


(p. 120) 


10a-c—Gyroidina loetterlei Tappan, n. sp. 10a, Dorsal view; 6, ventral view; c, edge of holo- 


type, X82. 


(p. 120) 


11a-—c—Globigerina cretacea d’Orbigny. 11a, Dorsal view; 6, ventral view; c, edge view, X66. 


of holotype, X82. 


(p. 121) 


12a-c—Globigerina planispira Tappan, n. sp. 12a, Dorsal view; 5, ventral view; c, . view 


p. 122) 


13a-—c—Globigerina washitensis Carsey. 13a, Dorsal view; 6b, ventral view; c, edge view, X66. 


14a-b—Globorotalia delrioensis Plummer. /4a, Dorsal view; b, ventral view, X82. 


(p. 122) 
(p. 123) 


15a-17—Globigerina graysonensis Tappan, n. sp. 15a, Dorsal view; b, ventral view; c, edge view 
of holotype. 16, 17, Edge views of paratypes to show variation in elevation of spire, X82. 
p. 122) 
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Globigerina cretacea EGGER, 1907, Nat. Ver. 
Nassau, Ber., 20, p. 49, pl. 6, fig. 23; 1910, 
Nat. Ver. Regensburg, Bericht, p. 121, pl. 4, 
fig. 21. 

Test large, very thick, in a trochoid spire 
of about two volutions, four to five cham- 
bers in a whorl, chambers much inflated, 
globular; sutures distinct, constricted; wall 
calcareous, surface smooth; aperture open- 
ing into the umbilicus. Greatest diameter 
of hypotype, 0.61 mm; shortest diameter, 
0.40 mm; width, 0.27 mm. 

Type.—Hypotype (Cushman coll. no. 
25112) from top of zone 1, Grayson Bluff. 

Remarks.—This species is characterized 
by its bulbous appearance and great width, 
the chambers having their greatest dimen- 
sion in thickness. The species is abundant 
throughout the Washita, comprising a large 
percentage of the microfauna in some 
samples. It has been recorded from Cre- 
taceous to Recent. 

GLOBIGERINA GRAYSONENSIS 
Tappan, n. sp. 
Plate 19, figures 15a—17 

Test tiny, trochoid, dorsal side varying 
from flattened to a rather high spire; 
chambers numerous, inflated, globular, 
from three to five in a whorl; sutures dis- 
tinct, depressed; wall calcareous, smooth, 
aperture slit-like, at the lower margin of 
the last chamber, extending from a point 
near the center of the ventral side outward 
to a point approximately one-half the dis- 
tance to the periphery, partially covered by 
a lip. Greatest diameter of holotype, 0.21 
mm; least diameter, 0.17 mm; width 
through center, 0.16 mm; average diameter, 
0.135 to 0.17 mm. 

Type——Holotype (Cushman coll. no. 
25117) from middle of zone 1, paratype of 
figure 16 (Cushman coll. no. 25118) from 
middle of zone 1, and paratype of figure 17 
(Cushman coll. no. 25119) from base of zone 
1, Grayson Bluff. 

Remarks.—This species is fairly common 
throughout the Grayson formation. G. 
graysonensis is similar in general appear- 
ance and chamber arrangement to Candeina 
nitida d’Orbigny, having approximately the 
same number of chambers, low spire and 
smooth wall. It differs in lacking the mul- 
tiple aperture of the adult Candeina, is 
approximately one-fifth as large, and has 
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smooth chambers throughout. The generic 
identification of this species is somewhat in 
doubt. It resembles Globigerina in being 
trochoid and in having nearly globular 
chambers, but differs somewhat in the char- 
acter of the aperture, as this species has an 
aperture which extends toward the pe- 
riphery. It resembles Rofaliatina in being 
fairly high-spired, having only a few cham- 
bers in a whorl, but differs in that the aper- 
ture extends to the center of the ventral 
side, the chambers are globular and the 
spire is lower. It resembles Eponides in the 
trochoid character and aperture but is not 
as biconvex and has more globular cham- 
bers than the typical Eponides. 


GLOBIGERINA PLANISPIRA 
Tappan, n. sp. 
Plate 19, figures 12a—c 


Test tiny, in a low trochoid spire of two 
volutions; chambers six to seven in a whorl, 
increasing rapidly in size, bulbous; sutures 
distinct and constricted; wall calcareous, 
surface smooth; aperture opening into a 
deep umbilical excavation. Longest dia- 
meter of holotype, 0.24 mm; _ shortest 
diameter, 0.18 mm; width through center 
0.11 mm. 

Type.—Holotype (Cushman coll. no. 
25113) from upper part of zone 1, Grayson 
Bluff. 

Remarks.—G. planispira differs from G. 
cretacea d’Orbigny in its much smaller size, 
more numerous chambers in each whorl 
and comparatively smaller width. More 
whorls are visible than in G. cretacea. It is 
present throughout the Washita group, 
although it is less abundant than G. 
creiacea. 


GLOBIGERINA WASHITENSIS 
Carsey 
Plate 19, figures 13a—c 


Globigerina sp. MARGARET en. 1925, 
Texas Univ. Bull. 2544, pl. 17, fig. 5 

Globigerina washitensis "Canoe 1926, Texas 
a Bull. 2612, p. 44, pl. 7, fig. 10, pl. 8, 
= 2, 

Globigerina washitensis PLUMMER, 193], Texas 
Univ. Bull. 3101, p. 193, pl. 13, fig. 12. 


The following description is from Plum- 
mer (1931 b): 


Test compact, with moderately appressed 
globular chambers in a low trochoid spire of two 
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or two and one-half convolutions; chambers from 
three and one-half to as many as six in a whorl; 
surface coarsely and conspicuously marked into 
rather polygonal areas by exogenous ridges that 
form a honeycomb pattern over the whole test; 
aperture at base of final chamber opening into a 
deep umbilical excavation. Longest diameter of 
nevholotype, 0.42 mm; shortest diameter, 0.32 
mm; thickness through spire, 0.22 mm. 


Longest diameter of hypotype, 0.53 mm; 
shortest diameter, 0.38 mm; _ thickness 
through spire, 0.30 mm. 

Type-——Hypotype (Cushman coll. no. 
25114) from base of zone 1, Grayson Bluff. 
The species ranges throughout the Washita 
group and is fairly common in the Grayson 
formation. 


Family HANTKENINIDAE 
Genus SCHACKOINA Thalmann, 1932 
SCHACKOINA PRIMITIVA 
Tappan, n. sp. 

Plate 18, figures 14a—c 


Test tiny, biumbilicate, slightly trochoid; 
chambers inflated at their center, about 
three chambers to a whorl, increasing 
rapidly in size, each with a fairly thick 
hollow spine, arising from the center of the 
chamber on the periphery, about equal in 
length to one-half the diameter of the test; 
sutures distinct, slightly depressed, peri- 
phery slightly lobulate; wall calcareous, 
surface smooth; aperture a small arched 
slit at the base of the last chamber on the 
periphery. Greatest diameter of holotype, 
not including spines, 0.265 mm; least di- 
ameter, 0.17 mm; width through center, 
0.06 mm; width of last chamber, 0.10 mm; 
length of spine, 0.10 mm. 

Type—Holotype (Cushman coll. no. 
25115) from lower part of zone 1, Grayson 
Bluff. 

Remarks.—This is one of the earliest 
species of Schackoina and is primitive in 
many of its characters. It is very tiny, the 
periphery is fairly even, without the char- 
acteristic lobulation of the genus, the cham- 
bers are few in number, the spines are short, 
and on the holotype the earliest spine is not 
directly on the periphery but slightly to 
one side, giving the trochoid appearance. 
Three of the spines were broken, only one 
being intact on the holotype. S. primitiva 
n. sp. is somewhat similar to Hantkenina 
alabamensis Cushman (1924, p. 3), in the 


rounded periphery, broken only by the 
spines. It differs in the fewer number of 
chambers, slightly trochoid character and 
the shorter, blunter and thicker peripheral 
spines, which originate from the central 
portions of the chambers and not at the 
sutures as in the case of H. alabamensis. 
This species is extremely rare, only two 
specimens having been seen by the writer. 


Family GLOBOROTALIIDAE 
Genus GLOBOROTALIA Cushman, 
1927 
GLOBOROTALIA DELRIOENSIS 
Plummer 
Plate 19, figures 14a—b 


Globigerina rosetta CARSEY, 1926 (not Globotrun- 
cana arca CUSHMAN), Texas Univ. Bull. 2612, 
p. 44, pl. 5, figs. 3a—c. 

Globorotalia delrioensis PLUMMER, 1931, Texas 
Univ. Bull. 3101, p. 199, pl. 13, fig. 2. 


The following description is from Plum- 
mer (1931 b): 


Test broadly elliptical to round in peripheral 
outline, strongly lobate, singly carinate, about 
equally biconvex, periphery marked by short, 
conspicuous, spinose processes; chambers five or 
six in each convolution, roughened somewhat 
by small blunt beadlike elevations of shell matter 
especially toward the peripheral margin on each 
side; dorsal suture marked by beaded shell ma- 
terial, moderately curved; ventral sutures de- 
pressed and radiate; umbilicus distinct, small, 
shallow, closed; aperture a narrow slit on the 
inner edge of the base of the septal face under a 
narrow extended rim. 


Average diameter, about 0.3 mm; greatest 
diameter of hypotype, 0.25 mm; least di- 
ameter, 0.20 mm. 

Type—Hypotype (Cushman coll. no. 
25116) from top of zone 1, Grayson Bluff. 

Remarks.—According to Plummer, 

The shape of the chambers, the number per 

whorl, and the convexity of the dorsal face com- 
bine to make the Del Rio form almost identical 
with G. crassata (Cushman) as it occurs at the 
type locality in the Eocene of Mexico. The much 
lower convexity of the ventral face of this Lower 
Cretaceous form, however, serve to distinguish 
it. 
This species was identified by Carsey as the 
same as Globigerina rosetta Carsey (=Globo- 
truncana arca Cushman) of the Upper 
Cretaceous. The two are not identical. G. 
delrioensis Plummer occurs rarely in the 
Del Rio and is of varying abundance 
throughout the Grayson. 
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Family ANOMALINIDAE 
Subfamily ANOMALININAE 
Genus ANOMALINA d’Orbigny, 1826 
ANOMALINA PLUMMERAE 
Tappan, n. sp. 

Plate 18, figures 15a—-16 

Anomalina petita CarsEy, 1926 (nom. nud.), 
Texas Univ. Bull. 2612, p. 48 (through error 
a cristellarian test represents this species on 
pl. 7, fig. 31.) 

Anomalina falcata PLUMMER, 1931 (not Trun- 
catulina falcata Reuss, 1869), Texas Univ. 
Bull. 3101, p. 202, pl. 14, figs. 7-8. 

The following description is from Plum- 

mer (1931 b): 


Test somewhat elongate, elliptical, much com- 
pressed, biconvex, periphery bluntly acute, cen- 
tral portion of dorsal face marked by a conspicu- 
ous boss that obscures the inner whorl; cham- 
bers nine to 10 in final whorl, last few slightly 
turgid; sutures thick but not elevated on dorsal 
side, slightly elevated on ventral side, distinctly 
curved across whorl; aperture a small arch over 
the periphery and extending down slightly on the 
ventral side. Average longest diameter, 0.45 
mm; shortest diameter, 0.35 mm; _ thickness 
through central boss, 0.15 mm. 

Greatest diameter of holotype, 0.66 mm; 
least diameter, 0.51 mm; greatest thickness, 
0.22 mm. 

Type.—Holotype (Cushman coll. no. 
25120) and paratype (Cushman coll. no. 
25121) from middle part of zone 1, Grayson 
Bluff. 

Remarks.—This is not the same species 
as A. falcata (Reuss) as was stated by Plum- 
mer. The latter is an Oligocene form which 
has more numerous chambers in the last 
whorl, a less lobulate margin, a sharper peri- 
phery, and is less involute ventrally. In A. 
plummerae n. sp. the last few chambers en- 
large rapidly while in A. falcata (Reuss) 
they enlarge very gradually. A. plummerae 
is somewhat similar to A. complasata 
Berthelin (Reuss?) but the latter is more 
involute and displays a less dorsal central 
coiling. This species occurs throughout the 
Grayson formation and the specimens aver- 
age much larger than those of the lower 
Washita. It ranges throughout the Washita. 


POSITION UNCERTAIN 
GENUuS (?) SPECIES (?) 
Plate 18, figures 17a—18b 
Test elongate, irregular, composed of 
numerous chambers arranged in a somewhat 
linear series at first, later branching ir- 
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regularly; chambers inflated, varying in 
proportions from elongate to globular to 
flattened in the same specimen; wall cal- 
careous, surface smooth; apertures simple, 
rounded, at the ends of slight necks on the 
last chambers of the linear series. Total 
length of specimen of figure 17, 0.83 mm; 
breadth of last chamber before branching, 
0.25 mm; width of same chamber, 0.20 
mm; height of chamber 0.14 mm; height of 
chamber of uniserial portion, 0.09 mm; 
breadth of early chamber, 0.05 mm. 

Type.—Large figured specimen (Cush- 
man coll. no. 25122) and small specimen 
(Cushman coll. no. 25123) from lower part 
of zone 1, Grayson Bluff. 

Remarks.—This form apparently does 
not fit any of the genera thus far described 
and its position is extremely doubtful.Some 
specimens resemble the genus Schackoina, 
as do the later chambers of the specimen in 
figure 17. The recent forms Calcituba poly- 
morpha Roboz and Sporadogenerina flintii 
Cushman have a somewhat similar irregular 
appearance and the Grayson form may 
later be found to belong to one of these 
genera. A further study of additional speci- 
mens will be necessary before a decision can 
be made as to its taxonomic position. It is 
found in varying abundance throughout 
the Grayson formation, but has not been 
seen elsewhere to the writer’s knowledge. 
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RADIOLARIAN FAUNA OF THE CABALLOS FORMATION, 
MARATHON BASIN, TEXAS! 


ESTHER ABERDEEN 
Wellesley College, Wellesley, Mass. 





ABSTRACT—This study embodies the systematic classification of the Radiolaria 
of the Devonian Caballos formation and an analysis of their structures in relation 
to depth of deposition. To this end, a review of the radiolarian literature in North 
America, method of study, a brief discussion of the physiology, test structures 
and the basis for classification of the Radiolaria are included. The Radiolaria 
herein described are remarkably well preserved, many specimens retaining silici- 
fied remnants of originally organic structures. Eighteen genera are discriminated 
and 24 new species are described. Certain features of the shells suggest a shallow 


habitat for the fauna. 





iy 1917, Baker and Bowman reported 
Radiolaria from the Santiago chert phase 
of the Caballos novaculite in the Marathon 
basin. They published photomicrographs 
showing Radiolaria from this horizon. Sub- 
sequently other investigators (P. B. King, 
1930 and L. G. Henbest, 1935) have cor- 
roborated the occurrence but have not pub- 
lished descriptions of Radiolaria. 

A survey of the literature on American 
radiolarian deposits shows that Radiolaria 
have been described from one horizon in the 
Paleozoic and several in the Mesozoic and 
Cenozoic and have been reported, but not 
described, from many other horizons. De- 
scriptions of Radiolaria from the following 
formations have been published: (1) Deep- 
skill-Normanskill cherts, of Ordovician age 
(Ruedemann and Wilson, 1935); (2) Fran- 
ciscan cherts, of Jurassic age (Hinde, 1894); 
(3) Milwood series in Manitoba, of Upper 
Cretaceous age (Riist, 1892); (4) Calvert 
formation of Maryland, of Miocene age 
(Martin, 1904); (5) Barbadoes earth de- 
posits, of Miocene age (Ehrenberg, 1875). 
Radiolaria have been reported, though not 
described, from the following horizons: 
(1) Ordovician cherts of Notre Dame Bay, 
Newfoundland (Sampson, 1923); (2) red 
cherts in limestone of late Devonian age on 
the headwaters of the Trinity River, Cali- 
fornia (Diller, 1913); (3) Leonard and Word 
formations of Permian age in the Marathon 
Basin (King, 1930); (4) Jurassic cherts of 

1 Part of a dissertation submitted at the Uni- 
versity of Chicago in partial fulfillment of the re- 
“gaa for the degree of Doctor of Philoso- 
phy. 


the Kanai peninsula (Martin and others, 
1912); (5) Jurassic cherts in Oregon (Smith, 
1916); (6) Mowry shale, of Upper Creta- 
ceous age, in Wyoming (Rubey, 1929); 
(7) Arkansas novaculite and Big Fork chert, 
of probable Devonian age (Henbest, 1936); 
(8) radiolarian earth in the Eocene section 
of the Mt. Diablo area, California (Clark 
and Campbell, 1937). Apparently many 
radiolarian-bearing horizons are known in 
North America but little has been done 
toward describing the fauna. 

The fauna described below was studied in 
thin sections cut from specimens of Santiago 
member of the Caballos novaculite col- 
lected from the hogbacks 1} miles east of 
Marathon, Texas. The Caballos novaculite 
is generally regarded as Devonian in age. 
The Santiago member is composed of banded 
chert in which the banding is almost varve- 
like in appearance. Greenish gray bands of 
detritus-like material } to } inch thick al- 
ternate with bands of clear chert. The 
Radiolaria seem to be most abundant in 
the greenish layers, and specimens described 
were found principally in these bands. Sec- 
tions were ground thin enough to transmt 
light but left sufficiently thick as to show 
the tests in three dimensions, a procedure 
which is necessary for the identification of 
most species. 


PHYSIOLOGY AND TEST STUCTURE OF 
RADIOLARIA 


A brief outline of the physiology and 
morphology of Radiolaria seems pertinent 
here. 
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Fic. 1.—Sketch map showing location of the Marathon Basin, Texas (modified after King, 1937). 


The cytoplasm of a radiolarian (Haeckel, 
1887; Earland, 1900; Lankester, 1909) may 
be differentiated into three parts: (1) a cor- 
tical layer of cytoplasm (extracapsular cyto- 
plasm), (2) an intracapsular nucleated 
cytoplasm, which is separated from the 
former by (3) a central capsule; the latter 
marks the division between these two layers 
and is the feature which distinguishes the 

-Radiolaria from all other Protozoa. 

The extracapsular cytoplasm consists of 
(a) a matrix or assimilative layer which lies 
immediately next to the central capsule, 
(b) a calymma, or vacuolated layer, frothy 
in appearance and chiefly flotational in 
function, and (c) an enveloping membrane, 
permeable in character, called the sarco- 
dictyum. Through all of these extend radiat- 
ing contractile¥pseudopodia, which arise in 
the matrix of the extracapsular layer outside 
the central capsule. 


The central capsule is commonly a single, 
porous membrane, chitinoid, or mucinoid in 
character, although in one group, Phaeo- 
daria, it may be double. Its shape reflects 
the configuration of the test of the animal. 
It may be considered a permanent struc- 
ture, although it is thought to dissolve or 
rupture more or less during sporulation. It 
is perforated or contains varied apertures; 
these apertures (together with the shape 
and number of shells in the test) constitute 
one of the bases on which Radiolaria are 
classified. 

The intracapsular cytoplasm is a vacuo- 
lated, granular mass, sometimes radially 
striated, in which are imbedded protein re- 
serves, pigment cells, zooxanthellae (sym- 
biotic protozoans), large crystalline struc- 
tures and one or more nuclei. The whole is 
enveloped in a tough outer membrane (sar- 
codictyum), which serves to keep the vacu- 
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Fic. 2.—Generalized drawing of a radiolarian, showing relationship of 
various anatomical parts (after Haeckel, 1887). 


oles of the calymma together and within the 
spicular skeletal area. 

Each of these various anatomic divisions 
has its own physiological function. For ex- 
ample, the extracapsular cytoplasm is 
chiefly concerned with flotation, nutrition, 
and reception of stimuli. The intracapsular 
cytoplasm is given over to the process of 
storage and eventually to reproduction. The 
central capsule separates these two zones of 
differing activity. 

Radiolarian tests, according to Haeckel, 
show a greater diversity of form than any 
other class of the animal kingdom. This di- 
versity invites differentiation into many 
species. Myriads of forms, known and newly 
discovered during the Challenger expedi- 
tion, were classified by Haeckel into the 739 
genera and 4,217 species (Haeckel, 1887, p. 
clxxxviii). 


It has been found that various tests are 
composed of different kinds of material, and 
shell composition is regarded as fundamen- 
tal in classification. The same basic shapes 
may appear in tests composed of different 
materials. The Acantharia skeletons are 
made of strontium sulphate, the Spumel- 
laria and Nasellaria of silica, and the 
Phaeodaria of silica combined with an or- 
ganic compound. 

Little is known concerning the formation 
of the radiolarian test other than that the 
vacuolated portion of the cytoplasm has the 
power to deposit silica in the form of per- 
forated and imperforate shells, plates, proc- 
esses and spicules. There commonly is a 
great development of siliceous matter, the 
form of which cannot be referred to the 
alveolate structures of the protoplasm. 
Some attempt has been made to trace 
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skeletal evolution in the Acantharia to an 
axopodial type developed by the hardening 
of the axial rod, a structure which is found 
only in the pseudopodia of this class. For 
other Radiolaria, it is suggested that the 
formation of the test occurs by fusion of 
tetrad spicules formed in the calymma by 
the deposition of silica at the junction of the 
alveoli. These hypotheses appear to be 
based on insufficient observational data 
(Lankester, 1901, p. 131). 

The test functions chiefly as a hydrostatic 
organ. In the Acanthametridia it has been 
found that the spines serve as support for a 
delicate membrane (interpreted as the sar- 
codictyum) which confines the alveoli of the 
calymma (the flotational mechanism). In 
order to aid in flotation, the spines fre- 
quently are flattened or have flanges devised 
for sustaining and propelling the animal in 
positions most favorable for transportation 
in currents. Since these spines are used in 
classification, their variability adds consid- 
erably to the possible number of species. 

Three kinds of structural variation are 
recognized in the tests of Radiolaria: (1) The 
variation of test structures characteristic of 
the species; (2) there is what Lankester calls 
racial somatic dimorphism, representing a 
response to depth environment in which a 
given genus or species may develop tests 
characteristic of deep water or shallow 
water; and, (3) finally there is a gametic 
dimorphism of early and adult stages related 
to reproduction, but such dimorphism has 
not been proven to result in somatic di- 
morphism of structure. These various types 
of dimorphism probably are partly respon- 
sible for the very large number of species 
which have been described. 

The somatic dimorphism caused by 
varying depth environments results in the 
formation of widely diversified small indi- 
viduals in warmer surface waters, and large 
individuals in cold and deep water. This 
difference in size is reflected in the structure 
of the test. The tests of the pelagic Radio- 
laria are delicate and slender, the pores are 
large, the trabeculae between the pores are 
thin, and the armature of the spines, such 
as spathylae and anchors, is diverse. Indi- 
viduals of the abyssal fauna are character- 
ized by small size and massive structures. 
Coarse lattice-work, thick trabeculae, small 


pores and less conspicuous spines are char- 
acteristic (Haeckel, 1887, pp. cliii and cliv), 

Paleontologic significance of anatomy and 
test structure—In the Radiolaria studied, 
certain anatomical parts appear to have 
been preserved. In thin section, a great 
many clear circles were observed, in re- 
flected light, simply as bright spots. In 
reflected light these areas distinctly show 
the shadowy outline of the test, capsule and 
cloudy masses. In some instances a clear 
circular area is observed enveloping skeletal 
outlines, suggesting that the calymma might 
have been preserved despite its fragile char- 
acter. Under ordinary circumstances, a ge- 
latinous body of such character would not 
be preserved, and if our interpretations of 
these structures is correct the condition for 
preservation of soft parts must have been 
extraordinarily favorable. Silica gel and soft 
organic ooze collecting on a sea floor would 
probably be an ideal medium in which 
Radiolaria could settle without being frag- 
mented. It is suggested that the calymma 
could be preserved under the following con- 
dition: The semipermeable membrane (Sar- 
codictyum) might allow silica rich waters to 
permeate the whole cytoplasm, and serve at 
the same time to exclude the organic ooze 
into which the animal settled. Photomicro- 
graphs of specimens oriented as found in the 
rock (pl. 1, figs. 1-3) show that the organic 
material settled and was compacted slightly 
around some specimens. The cytoplasm of 
the organism might thus become saturated 
with silica until the concentration within 
the organism equalled that of the surround- 
ing medium at which point the whole might 
become solidified, thus preserving the soft 
organic structures. Evidence supporting this 
hypothesis is seen in some sections viewed 
under crossed nicols; the clear zones show 
coarse, radially-fibrous structures in con- 
trast to the much finer fibrous structure of 
the matrix. The fact that some specimens do 
not show clear circles enveloping them sug- 
gests that those forms may have become 
partly disintegrated while settling through 
the water. Thus, it seems possible for some 
specimens to be preserved encased in their 
original gelatinous calymma whereas others 
are found without them. 

The somatic response to depth reflected 
in dimorphism of test structure within one 
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genus is suggested as most valuable from the 
paleontological standpoint. Since the test 
structures of various species reflect the 
depth at which they float (thin and deli- 
cately spined forms for the surficial water, 
and thick, finely perforated, stout-spined 
forms for greater depth) the type of struc- 
ture suggests the particular depth environ- 
ment in which the species lived. Fossil 
fauna showing a mixture of both deep water 
forms and shallow water forms can be inter- 
preted only as accumulating in deep waters; 
conversely, formations showing fauna en- 
tirely shallow water in their characteristics, 
can be interpreted as accumulating in shal- 
low waters. Also surficial forms are more 
completely at the mercy of the surface cur- 
rents than the deeper water species, and 
therefore may be floated into various en- 
vironments. 

Caballos fauna.—Eighteen genera are rec- 
ognized in the Santiago chert, and 24 new 
species are described. Careful comparison 
with descriptions of European Paleozoic 
fauna yields no identical forms. The species 
Stylosphaera quasiobtusa n. sp. shows simi- 
larity to a species described by Hinde from 
the Tamworth series (Devonian) of Austra- 
lia. . 

The Radiolaria of the Caballos formation 
are characterized by (a) slender, ridged or 
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keeled spines, (b) large pores, (c) very thin 
connecting bars between the several shells 
of a test, and (d) delicately latticed shells. 
These characteristics in modern Radiolaria 
indicate shallow water not deeper than the 
pelagic zone. 

Recently an attempt was made by Ruede- 
mann to estimate the depth of deposition 
for the fossil Radiolaria from a study of 
depth ranges recorded for the same genera 
in modern seas (Ruedemann, 1935). He con- 
cluded that mixed fauna of shallow and deep 
water forms must have been deposited at 
depths no less than the greatest depth in- 
habited in life by the deep water forms. A 
similar comparison with modern forms has 
been made here in an attempt to secure 
information concerning depth of deposition 
for the Caballos formation. This study 
shows that almost every modern genus has 
both shallow and deep water species. In the 
fossil fauna four genera are represented by 
only surface dwelling species, and two gen- 
era are represented by only deep water spe- 
cies. These data might be interpreted to 
indicate that this fauna should be consid- 
ered a deep water one, since it contains some 
genera found only in depths. But since great 
variation in depth range is found in modern 
species, interpretation of the environment 
for fossil species by analogy is not neces- 












TABLE 1.—DEPTH RANGES FOR MODERN SPECIES WHOSE GENERA ARE REPRESENTED 


IN THE CABALLOS NOVACULITE? 





Genera present in | Author of | 


Depth Range of Modern Species of same Genus 





Santiago chert Genus 
1. Cenosphaera Ehrenberg | Surface and depths to 2,750 fathoms 
2. Carposphaera Haeckel Surface and depths to 2,600 fathoms 
3. Thecosphaera Haeckel Surface (most species) and few at depths to 2,900 fathoms 
4. Rhodosphaera Haeckel 1 species, depth 2,900 fathoms 
5. Plegmosphaera | Haeckel 8 species, all surface 
6. Spongoplegma | Haeckel 1 species, 1,950 fathoms 
7. Xiphostylus Haeckel 15 species, 5 surface, others various depths to 4,475 fathoms 
8. Stylosphaera Ehrenberg | 16 species, 3 fossil, 11 deep water and 5 surface 
9. Staurosphaera Haeckel 16 species, 1 fossil, 10 deep water to 3,000 fathoms, 1 surface 
10. Staurostylus Haeckel 
11. Staurodoras Haeckel 4 species, 3 fossil 
12. Hexastylus Haeckel 25 species, 9 surface, 16 deep water 
13. Hexastylidium | Haeckel 2 species, surface 
14. Hexalonche Haeckel 25 species, 9 surface, 14 deep water to 4,500 fathoms, 2 fossil 
15. Acanthosphaera | Ehrenberg | 31 species, 15 surface, 14 deep water to 4,475 fathoms, 2 fossil 
16. Heliosphaera Haeckel 14 species known, 8 surface, 16 depths to 4,475 fathoms 
17. Haliomma Ehrenberg | 33 species known, 19 surface, 11 depths to 2,900 fathoms, 3 fossil 
18. Astrophacus Haeckel 7 species known, 3 surface, 4 depths to 4,475 fathoms 














* Compiled from Haeckel, 1887. 
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sarily reliable. The best evidence of depth 
therefore appears to lie in structures of the 
test. 

It is concluded that the Caballos radio- 
larian fauna may be considered a pelagic 
group, probably deposited in shallow waters, 
on the following lines of evidence: (1) their 
skeletal structures are typical of those forms 
indigenous to shallow waters; (2) the preser- 
vation of such structures of the calymma 
suggest rapid burial which might best be ac- 
complished in waters of shallow depth, and 
in soft fine sediment of organic siliceous 
ooze. 
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SYSTEMATIC DESCRIPTIONS 


In the classification of the modern Radio- 
laria, Ehrenberg’s pioneer work, done chiefly 
on fossil forms, has been completely revised. 
In Haeckel’s reports many of Ehrenberg’s 
genera fall into groups based on biologi- 
cal features while others are discarded. 
Haeckel’s classification is largely a biologic 
one, but genera and species are determined 
primarily by the structure of the test. 

Following Haeckel’s classification, the 
Class Radiolaria is distinguished from all 
other Sarcodina by the fact that it has a 
central capsule. Subclasses are established 
on features of the central capsule, its shape 
and position of apertures; i.e., forms having 
a spherical shape without an aperture are 
called Porulosa; and forms having an oval 
shape with an aperture at the basal pole 
are called Osculosa. The so-called Legions 
are determined (1) by the composition of the 
test in the Porulosa, those with siliceous 
tests being called Spumellaria, and those 
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with strontium sulphate tests, the Acan- 
thometrida; (2) in the Osculosa, Legions are 
determined by the type of closure for the 
aperture. A porous plate closes the aperture 
in Nasellaria, and an operculum and as- 
tropyle in the Phaeodaria. Sublegions of 
Haeckel are determined by the condition of 
the test: (1) incomplete or wanting, Col- 
lodaria; (2) complete or shell-bearing forms, 
Sphaerellaria. Orders are based on the shape 
of the test: (1) A test is wanting in the Col- 
loidea; the Beloidea are composed of dis- 
articulated spicules, (2) Sphaeroidea and 
Prunoidea and other orders are based on the 
general outline of the tests. Families are 
based on combinations of features such as 
(1) the number of shells and spines of an in- 
dividual test; (2) position of various rings 
and number of constrictions, or (3) types of 
aperture. Genera and Species are based on a 
number of features such as (1) number, 
length, shape and terminae of spines, (2) 
presence or absence of spongy shell struc- 
tures, and (3) their shape, size and distribu- 
tion of pores. 

Students of Radiolaria have generally 
adopted Haeckel’s classifications. Only oc- 
casionally have subsequent workers found 
it necessary to establish new genera, and 
generally the method of description used for 
the living forms has been followed. Up to 
1900, approximately 15 new fossil genera 
had been added to the list of genera known 
to Haeckel. Three were established by Riist, 
one by Dryer and 11 by Hinde. This is a 
surprisingly small number of new genera 
considering the fact that the number of new 
species has been enormous. 

All specimens described in this paper 
come from the same locality, hogbacks 13 
miles east of Marathon, Texas, and are 
from the Santiago chert member in the 
Caballos novaculite. 


SYSTEMATIC DESCRIPTIONS 
Class RADIOLARIA 
Legion SPUMELLARIA Ehrenberg, 1875 
Order CoLLopariA Haeckel, 1881 
Family THALLASSICOLLIDAE Haeckel, 1862 
Plate 20, figures 1-3 


Many specimens appearing as almost 
clear globules with only faint outlines of the 
central capsule are considered to be mem- 
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bers of this family. Usually the calymma is 
preserved outside the central capsule. 


Order SPAERELLARIA Haeckel, 1881 
Family LIOSPHAERIDAE Haeckel, 1881 
Genus CENOSPHAERA Ehrenberg, 1854 


Liosphaeridae with a single latticed sphere 
having simple pores (not prolonged in tu- 
buli), and a simple shell cavity (without in- 
ternal radial beams). 

Remarks.—Species are based on shape and 
distribution of pores. 


CENOSPHAERA VARIABILIS Aberdeen, n. sp. 
Plate 20, figure 17 


Test is simple, spherical lattice 0.145 mm 
in diameter, with lattice bars 0.027 mm in 
width; pores vary in size from 0.007 to 0.104 
mm. 

Remarks.—The range in pore size is 
marked but consistent in all specimens; 
the larger pores are about twice the size of 
the smaller ones. 

Types.—Syntypes, Walker Mus., Chicago 
Univ. 44496, no. 2; 44997, no. 9. 


CENOSPHAERA HEXAGONALIS 
Aberdeen, n. sp. 
Plate 20, figures 12, 13 


Test simple, lattice 0.166 mm in diameter 
with very thin and delicate lattice bars 0.02 
mm in diameter; pores large, 0.06 mm in 
diameter, and either hexagonal or polygonal 
in outline. 

Remarks.—This species is characterized 
by polygonal or hexagonal pores, and very 
thin lattice bars. It is smaller than the aver- 
age Radiolaria in this fauna. It is similar to, 
but larger than, Cenosphaera regularis Riist, 
1885 (Riist, 1885, table 1, fig. 5). 

Type.—Holotype, Walker Mus., Chicago 
Univ. 44496, no. 1. 


CENOSPHAERA SEMIEQUALIS Aberdeen, n. sp. 
Plate 20, figures 7, 8 


Test simple, spherical lattice of large size 
with pores only slightly larger than the 
width of the lattice bars; diameter of test, 
0.25 mm.; lattice bars 0.007 mm.; pores vary 
in size from 0.007 to 0.005 mm. 

Remarks.—This species differs from C. 
hexagonalis, n. sp. in larger size of the test 
and shape of the pores; it differs from C. 
variabilis, n. sp. in size, although the pore 


arrangement in both is variable, the lattice 
bars are slightly thicker in C. semiequalis. 

Types.—Syntypes, Walker Mus., Chicago 
Univ. 44538, no. 2; 44997, no. 9. 


Family CARPOSPHAERIDAE Haeckel, 1881 
Genus CARPOSPHAERA Haeckel, 1881 


Test possesses one medullary (intracap- 
sular) and one cortical (extracapsular) shell, 
both connected by radial beams piercing the 
central capsule. 

Remarks.—The distance between shells is 
as great and commonly much greater than 
the radius of the inner shell. In Liosphaera, 
this distance is less than the radius of the 
inner shell. 


CARPOSPHAERA MAGNA Aberdeen, n. sp. 
Plate 20, figure 18; plate 21, figures 4, 10 


Test consists of two lattice shells one 
within the other, connected by bars; inner 
shell separated from outer shell by a dis- 
tance greater than radius of inner shell; 
diameter of test, 0.415 mm to 0.362 mm; 
thickness of outer shell, 0.0166 mm; diame- 
ter of inner shell, 0.099 mm; length of con- 
necting bars, 0.133 mm; average number of 
connecting bars visible, eight. 

Remarks.—This species is characterized by 
very small inner shells. The length of the 
connecting bars is correspondingly long. The 
test generally is large. 

Types.—Syntypes, Walker Mus., Chicago 
Univ. 44493, no. 8; 44545, no. 8; 44535, no. 
y 3 


CARPOSPHAERA EQUALIS Aberdeen, n. sp. 
Plate 20, figures 4, 5 


Test of two latticed shells, one within the 
other, connected by bars; inner shell sepa- 
rated from outer shell by a distance equal to 
diameter of inner shell; diameter of test, 
0.282 mm to 0.362 mm; thickness of outer 
shell, 0.106 mm; diameter of inner shell, 
0.083 to 0.11 mm; length of bars, about 0.09 
mm. 

Remarks.—The latticed shell in the center 
has pores 0.008 mm in diameter which are 
irregularly shaped. C. equalis differs from C. 
magna in its smaller size and larger inner 
sphere. 

Types.—Syntypes, Walker Mus., Chicago 
Univ. 44545, no. 7; 44543, no. 4. 
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Family THECOSPHAERIDAE Haeckel, 1881 
Genus THECOSPHAERA Haeckel, 1881 


Test with two medullary (intracapsular) 
shells and one cortical (extracapsular) shell; 
distance between two inner shells less than 
between inner and outer shells. 


THECOSPHAERA HEXPENETRATA 
Aberdeen, n. sp. 
Plate 21, figure 16 


Test consists of three concentric latticed 
shells; inner two closely spaced, but are 
separated widely from the outer shell; bars 
in varying numbers extend from the outer 
shell to the first inner shell, but there are 
only six bars which penetrate from the outer 
shell into the central shell; diameter of test 
0.39 mm; thickness of outer shell 0.06 mm; 
diameter of penultimate shell , 0.113 mm; 
diameter of innermost shell, 0.08 mm; thick- 
ness of bars, 0.026 mm. 

Remarks.—This species differs from T. 
sexarctica Riist (Riist, 1891-92, p. 137) in 
that the latter has six bars which extend 
from the outer shell to the innermost shell. 
No other supporting bars are present. 

Type.—Holotype, Walker Mus., Chicago 
Univ. 44536, no. 2. 


Genus RHODOSPHAERA Haeckel, 1881 


Thecosphaeridae with one medullary 
(intracapsular shell and two cortical (extra- 
capsular) shells. Rhodosphaera differs from 
Thecosphaera in that the outer shells lie 
closer together. The distance between these 
two outer shells is much smaller than the 
radius of the inner shell. The inner shells are 
connected to the outer ones by radial bars. 


RHODOSPHAERA sp. indet. 
Plate 20, figure 10 


The specimen referred to this genus shows 
three concentric shells; the inner separated 
from the two outer ones by a distance 
greater than the radius of the inner shell. 
The radial beams in the specimen described 
are indicated only between the inner shell 
and the second extracapsular shell. 

Type.—Figured specimen, Walker Mus. 
Chicago Univ. 44547, no. 2. 


Family PLEGMOSPHAERIDAE Haeckel, 1881 
Genus PLEGMOSPHAERA Haeckel, 1881 


Test consisting of hollow sphere of spongy 
framework without a medullary shell in the 
central cavity; wall composed of loose or 
dense spongy wicker-work; simple lattices 
may or may not be present as supports for 
the spongy framework either on inner or 
outer surface. 


PLEGMOSPHAERA SPICULATA 
Aberdeen, n. sp. 
Plate 21, figure 3 


Test consists of spherical shell of thick 
and spongy silica; outer rim of shell lat- 
ticed, and separated from thicker inner 
spongy shell by numerous slender spicules; 
diameter of test, 0.498 mm; diameter of cen- 
tral space, 0.315 mm; inner surface of 
spongy framework finely porous; spicules 
are characteristic of the species. 

Type.—Holotype, Walker Mus., Chicago 
Univ. 44532, no. 7; paratype, Walker Mus., 
Chicago Univ. 44497, no. 4. 


Genus SPONGOPLEGMA Haeckel, 1881 


Plegmosphaeridae is spongy framework 
enclosing in center a single latticed medul- 
lary shell. 


SPONGOPLEGMA BREVISPHAERA 
Aberdeen, n. sp. 
Plate 21, figure 17 


Test consists of spongy shell diameter of 
which is 0.5 mm; shell thickness, 0.08 mm; 
within spongy external shell is a central 
area, 0.30 mm; in the middle of which is 
small lattice sphere, 0.08 mm in diameter. 

Remarks.—The spongy network is less 
than half as wide as in S. longispina. The 
thinner spongy shell characterizes the new 
species. 

Types.—Syntypes, Walker Mus., Chicago 
Univ. 44543, no. 3; 44538, no. 1. 


SPONGOPLEGMA LONGISPINOSA 
Aberdeen, n. sp. 
Plate 20, figure 6 


Test consists of spongy external shell 0.68 
mm in diameter, and 0.16 mm in thickness, 
within which is smaller lattice sphere 0.12 
mm in diameter and 0.005 mm in thickness; 
bars 0.01 mm in diameter and 0.11 mm long 
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connect this inner sphere with the outer 
sphere. 

Remarks.—Within the spongy shell long 
spines extend from the innermost spongy 
portion of the external shell to support the 
outer layer of spongy lattice, and are char- 
acteristic of this species. 

Types.—Syntypes, Walker Mus., Chicago 
Univ. 44998, no. 13; 44546, no. 5. 


Family STYLOSPHAERIDAE Haeckel, 1881 
Genus XIPHOSTYLUS Haeckel, 1881 


Test with one single lattice and two free 
spines of variable size and form. 

Remarks.—This genus differs from Xipho- 
sphaera in size and form of spines, which are 
equal in size in the latter. 


XIPHOSTYLUS INCLINATUS Aberdeen, n. sp. 
Plate 21, figures 7, 8 


Test consists of single lattice sphere, 0.19 
mm in diameter and 0.01 mm in thickness 
with two unequal spines opposite each other, 
shorter spine is 0.14 mm in length and 0.05 
mm in width at the base; the longer spine is 
0.19 mm in length and 0.06 mm in width at 
the base; lattice of shell has very minute 
uniform pores 0.004 mm in diameter. 

Remarks.—This species differs from X. 
asper Riist (Riist, 1891-1892, pl. 7, fig. 6 and 
pl. 10, fig. 7) from the lower Silurian phos- 
phorite of Cambriéré, in having longer 
spines. It differs from X. ardea Riist from 
the lower Carboniferous in the Harz in that 
X. ardea has a group of spines. 

Types.—Syntypes, Walker Mus., Chicago 
Univ. 44548, no. 1; 44494, no. 1. 


Genus STYLOSPHAERA Ehrenberg, 1847 


Stylosphaeridae with two concentric lat- 
ticed spheres and two free spines of equal 
size and similar form. The two shells are 
connected by radial beams piercing the wall 
of the central capsule. 


STYLOSPHAERA QUASIOBTUSA 
Aberdeen, n. sp. 
Plate 21, figure 5 


Test consists of two concentric latticed 
spheres of which the outer one is 0.2 mm in 
diameter and 0.01 mm in thickness; the in- 
ner one, 0.08 mm in diameter, thickness 
undeterminable; two bars in line with the 
spines support the inner sphere respectively 
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0.05 mm in length and 0.01 mm in width; 
two stout spines opposite each other, equal 
in size and length extending from the surface 
of the outer sphere, have a length of 0.18 
mm and width at the base of 0.05 mm. 

Remarks.—Stylosphaeraoccursin the Tam- 
worth series (Devonian) of Australia. The 
species here described resembles S. obtusa 
Hinde from the Tamworth horizon (Hinde, 
1899, p. 45), but differs from it in (1) shorter 
spines, (2) lattice sphere twice as large, and 
(3) thinner support for inner sphere. 

T ypes.—Syntypes, Walker Mus., Chicago 
Univ. 44544, no. 5b: 44998, no. 2. 


Family STAUROSPHAERIDAE Haeckel, 1881 
Genus STAUROSTYLUS Haeckel, 1881 


Tests are single latticed spheres with four 
spines in pairs of unequal length. 


STAUROSTYLUS VARISPINATUS 
Aberdeen, n. sp. 
Plate 20, figure 19 


Test consists of a single spherical shell 
(somewhat fractured in figured specimen) 
0.20 mm in diameter and 0.006 mm in thick- 
ness; spines unequal in size and definitely 
keeled, probably paired; longer spine, 0.18 
mm in length and 0.05 mm in width at base 
with pointed end; shorter spine, 0.07 mm in 
length and 0.04 mm broad at base with 
rounded end; latticed sphere seems to be 
evenly porous, pores being 0.01 mm in di- 
ameter. 

T ype.—Holotype, Walker Mus., Chicago 
Univ. 44997, no. 8. 


Genus STAUROSPHAERA Haeckel, 1881 


Staurosphaeridae with single latticed 
sphere and four equal spines lying in the 
same plane at right angles to each other. 


STAUROSPHAERA ROTUNDA Aberdeen, n. sp. 
Plate 20, figure 11 


Test consisting of a single latticed sphere 
0.16 mm in diameter and 0.005 mm in thick- 
ness; pores of test range in size from 0.004 
mm to 0.013 mm; spines approximately 
0.06 mm in length and are blunt. 

Remarks.—The size of the latticed sphere 
is diagnostic. The bluntness of the spine sug- 
gests that they may have been longer, but 
the size compared with other Staurosphaera 
is smaller and more obviously rounded. 
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Type.—Holotype, Walker Mus., Chicago 
Univ. 44548, no. 5. 


Genus STAURODORAS Haeckel, 1881 


Staurosphaeridae with solid, spongy, 
spherical shells and four simple cortical 
spines. 


STAURODORAS BREVISPINOSA 
Aberdeen, n. sp. 
Plate 21, figure 11 


Test spongy, spherical, 0.12 mm in di- 
ameter; pores on the surface exceedingly 
minute, about 0.002 mm in diameter; thick- 
ness of shell undeterminable; four spines 
present, short, about 0.02 mm in length. 

Type.—Holotype, Walker Mus., Chicago 
Univ. 44546, no. 6. 


Family CUBOSPHAERIDAE Haeckel, 1881 
Genus HExastyLus Haeckel, 1881 


Cubosphaeridae with one simple latticed 
shell and six simple, equal spines. 
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HEXASTYLUS BASIPOROSUS Aberdeen, n. sp. 
Plate 21, figures 6, 9, 13 


Test single latticed sphere, 0.09 mm in 
diameter and 0.01 mm thick with six spines 
of equal length; spines are 0.06 mm in 
length, 0.02 mm wide at the base, and have 
keels on four sides; latticed bars are 0.002 
mm thick, and the pores vary from 0.004 
mm to 0.02 mm in size. Larger pores seem 
to be arranged about the base of the spines; 
this feature characterizes the species. 

Types.—Syntypes, Walker Mus., Chicago 
Univ., 44495, no. 2; 44546, no. 5a; 44549, 
no. 10; 44537, no. 2. 


Genus HEXASTYLIDIUM Haeckel, 1881 


Cubosphaeridae with one simple latticed 
sphere and three unequal pairs of spines; 
two opposite spines of each pair equal. 


HEXASTYLIDIUM VARIATUM Aberdeen, n. sp. 
Plate 21, figure 14 


Test consisting of a single latticed shell, 





EXPLANATION OF PLATE 20 
All specimens illustrated are from the Caballos formation, Marathon, Texas; all figures X93, except 


fig. 18, which is X18. 


Fics. 1-3—Thallasicollidae, family. 1, Figured specimen, Walker Mus., Chicago Univ. 44544, no. 
5. 2, Figured specimen, Walker Mus., Chicago Univ. 44544, no. 4. 3, Figured specimen, 
Walker Mus., Chicago, Univ. 44544. Specimens showing calymma preserved and com- 


paction of organic ooze around organism. (p. 
4, 5—Carposphaera equalis Aberdeen, n. sp. 4, Syntype, Walker Mus., Chicago, Univ. 44546, 
no. 8. 5, Syntype, Walker Mus., Chicago Univ., 44532, no. 6. 
ew longispinosa Aberdeen, Nn. sp. Syntype, Walker Mus., Chicago Univ. 44546, 


no. 5. 
7, 8—Cenosphaera amg 
no. 2. 8, Syntype, Wa 


132) 
p. 133) 
p. 134) 


is Aberdeen, n. sp. Syntype, Walker Mus., Chicago Univ. "14538, 
Iker Mus., Chicago Univ. 44998, no. 9. 


p. 133) 


9—Hexalonche sp. indet. Figured specimen, Walker Mus., Chicago Univ. 44997, no. 12. S 137) 
10—Rhodosphaera, sp. indet. Figured specimen, Walker Mus., Chicago Univ. 44547, no. 2. 


(p. 
11—Staurosphaera rotunda Aberdeen, n. sp. Holotype, Walker Mus., Chicago Univ. 44548, 


no. 5. 


134) 
(p. 135) 








12, 13—Cenosphaera hexagonalis Aberdeen, n. sp. Holotype, Walker Mus., Chicago Univ. 
44496, no. 1. 13, Paratype, Walker Mus., Chicago Univ. 44995, no. 5. p. 133) 
14—Heliosphaera macrospinosa Aberdeen, n. sp. Holotype, Walker Mus., Chicago Univ. 14408, 
‘. p. 138) 
15—Asirophacus cingulatus Aberdeen, n. sp. Holotype, Walker Mus., Chicago Univ. 44996, 
4. p. 139) 

16, 20--Haliomma perfecta Aberdeen, n. sp. 16, Syntype, Walker Mus., Chicago Univ. 44532, 
no. 6. 20, Syntype, Walker Mus., Chicago Univ. 44546, no. 8. p. 138) 
17—Cenosphaera variabilis Aberdeen, n. sp. Syntype, Walker Mus., Chicago Univ. 44496, no. 2. 


p. 133) 

18—Carposphaera magna Aberdeen, n. sp. Syntype, Walker Mus., Chicago Univ. 44493, no. 8. 
(p. 133) 

19—Staurostylus varispinatus Aberdeen, n. sp. Holotype, Walker Mus., Chicago Univ. 44907, 
no. 8c. (p. 135) 
21—Acanthosphaera microspinosa Aberdeen, n. sp. Holotype, Walker Mus., Chicago Univ. 


44534, no. 6. 138) 


(p. 
22—Heliosphaera alternata Aberdeen, n. sp. Holotype, Walker Mus., Chicago Univ. 44545, 
(p. 138) 


no. 7. 
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0.1 mm in diameter, coarsely porous, with 
three pairs of unequal spines; longer pair ap- 
parently represented by only one spine, 
which is thicker and longer than the others, 
being 0.14 mm in length and 0.016 mm in 
diameter; second pair of spines shorter, 
thicker and sharply pointed being 0.04 in 
length and 0.02 mm wide at the base; 
smaller spine very slender being 0.14 mm in 
length and 0.006 mm in width; lattice pores 
irregularly polygonal in shape varying from 
0.115 mm to 0.01 mm. 

Type.—Holotype, Walker Mus., Chicago 
Univ., 44545, no. 11. 


Genus HEXALONCHE Haeckel, 1881 


Cubosphaeridae with two concentric shells 
and six simple spines of equal size. 


HEXALONCHE sp. indet. 
Plate 20, figure 9 


Test consists of two concentric latticed 
spheres with three sets of paired spines; di- 
ameter of outer shell, 0.17 mm; thickness, 
0.005 mm; diameter of inner shell, 0.14 mm; 
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thickness, 0.002 mm; spines are 0.1 mm in 
length and 0.12 mm in width at the base; 
outer sphere finely perforated, pores about 
0.007 mm in size. 

Types.—-Figured specimens, Walker Mus., 
Chicago Univ. 44997, no. 12; 44537, no. 6. 


Family ASTROSPHAERIDAE Haeckel, 1881 
Genus ACANTHOSPHAERA Ehrenberg, 1858 


Test having one simple lattice sphere, 
covered with simple, uniform, radial spines. 


ACANTHOSPHAERA DODECASPINOSA 
Aberdeen, n. sp. 
Plate 21, figures 2, 15, 18 


Test consisting of single lattice sphere, 
0.16 mm in diameter and 0.004 mm in thick- 
ness; 10 to 12 equal spines radiating from 
various points on the sphere having a length 
of 0.10 mm and width of 0.02 mm, and are 
slightly keeled at the base. Lattice shows 
rather small pores varying in size from 0.115 
mm to 0.01 mm; no definite arrangement of 
pores is visible. 

Types.—Syntypes, Walker Mus., Chicago 
Univ., 44535, nos. 3, 4; 44548, no. 11. 





EXPLANATION OF PLATE 21 
All specimens illustrated are from the Caballos formation, Marathon, Texas; all figures X93. 


FIGs. oar longispinosa Aberdeen, n. sp. Syntype, 


no. 


Jalker Mus., Chicago Univ. 44998, 
(p. 134) 


2, 15, 18—A canthosphaera dodecaspinosa Aberdeen, n. sp. 2, Syntype, Walker Mus., Chicago 
Univ. 44538, no. 4. 15, Syntype, Walker Mus., Chicago Univ. 44548, no. 11, 18, Syntype, 


Walker Mus., Chicago Univ. 44535, no. 3. 


(p. 137) 


ee spiculata Aberdeen, n. sp. Holotype, Walker Mus., Chicago Univ. 44532, 


(p. 134) 


no. 7. 
4, 10—Carposphaera magna Aberdeen, n. sp. 4, Syntype, Walker Mus., Chicago Univ. 44545, 


no. 8. 10, Syntype, Walker Mus., Chicago Univ. 44535, no. 2. 


(p. 133) 


5—Stylosphaera quasiobtusa Aberdeen, n. sp. Syntype, Walker Mus., Chicage Univ. 44998, 


no. 2 


(p. 135) 


6, 9, 13—Hexastylus basiporosus Aberdeen, n. sp. 6, Syntype, Walker Mus., Chicago Univ. 
44546, no. 5a. 9, Syntype, Walker Mus., Chicago Univ. 44542, no. 4a. /3, Syntype, Walker 








Mus., Chicago Univ. 44495, no. 2 (p. 136) 
7, 8—Xiphostylus inclinatus Aberdeen, n. sp. 7, Syntype, Walker Mus., Chicago Univ. 44494, 
no. 11. 8, Syntype, Walker Mus., Chicago Univ. 44548, no. 1. (p. 135) 
ne brevispinosa Aberdeen, n. sp. Holotype, Walker Mus., Chicago —e aa 
no. 6. p. 136 
on hirsuta Aberdeen, n. sp. Holotype, Walker Mus., Chicago — iat 
no. 35. p. 
a variatum Aberdeen, n. sp. Holotype, Walker Mus., Chicago saan ae 
no. 11. p. 136 
o~e hexpenetrata Aberdeen, n. sp. Holotype, Walker Mus., Chicago _ a 
no. 2. p. 
1 Prepare brevisphaera Aberdeen, n. sp. Syntype, Walker Mus., Chicago — et 
no. 3. p. 
19—Acanthosphaera grandispinosa Aberdeen, n. sp. Holotype, Walker Mus., Chicago Univ. 


44547, no. 3. (p. 138) 
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ACANTHOSPHAERA MICROSPINOSA 
Aberdeen, n. sp. 
Plate 20, figure 21 


Test consisting of single latticed sphere 
0.18 mm in diameter and about 0.01 mm in 
thickness; surface covered with many very 
short, slender spines 0.102 mm to 0.03 mm 
in length, all of which are about 0.01 mm 
wide at the base. Lattice of the test is ir- 
regularly perforated, the pores being irregu- 
larly polygonal in shape, and varying from 
0.01 mm to 0.004 mm in diameter. 

Type.—Holotype, Walker Mus., Chicago 
Univ. 44535, no. 6. 


ACANTHOSPHAERA HIRSUTA Aberdeen, n. sp. 
Plate 21, figure 12 


Test consisting of single latticed shell, 
0.18 mm in diameter and about 0.006 mm 
in thickness; slender spines, 0.14 mm in 
length and ranging from 0.004 to 0.006 mm 
in diameter cover the surface of the sphere. 

Remarks.—The numerous slender spines 
surrounding the test produce a hirsute ap- 
pearance differentiating it from other spe- 
cies of Acanthosphaera. 

Type.—Holotype, Walker Mus., Chicago 
Univ. 44543, no. 5. 


ACANTHOSPHAERA GRANDISPINOSA 
Aberdeen, n. sp. 
Plate 21, figure 19 


Test consisting of single latticed sphere, 
0.2 mm in diameter; shell thickness and pore 
size undeterminable; long, tapering spines 
0.24 mm in length and 0.02 mm in diameter 
are found over the surface. The unusual 
length of the spines is characteristic. 

Type.—Holotype, Walker Mus., Chicago 
Univ. 44547, no. 3. 


Genus HELIOSPHAERA Haeckel, 1862 


Astrosphaeridae with one simple lattice 
sphere; covered with simple radial spines 
of two different kinds; larger spines sepa- 
rated by smaller spines. 


HELIOSPHAERA MACROSPINOSA 
Aberdeen, n. sp. 
Plate 20, figure 14 


Test a single latticed sphere, 0.12 mm in 
diameter and 0.01 mm in thickness; numer- 
ous spines of two sizes; larger spines are 


short, stout, sharp; 0.06 mm in length, and 
0.03 mm in thickness at the bases; second- 
ary spines about 0.04 mm in length and 
0.01 mm in breadth; lattice coarse; pores 
about twice as wide as lattice bars; diameter 
varies from 0.01 mm to 0.02 mm. 

Remarks.—The large stout spines and 
coarse lattice are characteristic of the spe- 
cies. 

Type.—Holotype, Walker Mus., Chicago 
Univ. 44498, no. 1. 


HELIOSPHAERA ALTERNATA 
Aberdeen, n. sp. 
Plate 20, figure 22 


Test consisting of single latticed sphere 
0.18 mm in diameter and 0.01 mm in thick- 
ness; there are two groups of spines present. 
The longer spines are long, slender tapering 
to a point being variable in number, 0.14 
mm in length and about 0.12 mm in width 
at the base. They are separated by smaller 
short ones, 0.02 mm in length and about 
0.001 mm in diameter; lattice pores are 
polygonal, varying in size from 0.002 mm 
to 0.01 mm in diameter; and are much 
larger than the thickness of the lattice bars. 

Type.—Holotype, Walker Mus., Chicago 
Univ. 44545, no. 7. 


Genus HALiomMA Ehrenberg, 1838 


Astrosphaeridae with one medullary (in- 
tracapsular) and one cortical (extracapsular) 
shell, which are connected by radial beams, 
piercing the central capsule. Shell surface 
covered with uniform simple radial spines of 
the same kind. 


HALIOMMA PERFECTA Aberdeen, n. sp. 
Plate 20, figures 4, 6, 20 


Test consisting of two latticed concentric 
spheres of which the outer one is 0.18 mm 
to 0.20 mm in diameter, and about 0.01 mm 
in thickness; inner sphere about 0.04 mm 
in diameter and 0.001 mm in thickness being 
supported by six bars 0.005 mm in thickness 
and 0.05 mm long; spines short, about 0.02 
mm to 0.03 mm in length and 0.002 mm in 
width at base; lattice pores of outer sphere 
about 0.01 mm in diameter, polygonal, 
about three times wider than the interven- 
ing areas; pores on inner shell undetermi- 
nable. 

Types.—Syntypes, Walker Mus., Chi- 
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cago Univ. 44532, no. 6; 44537, no. 9; 44546, 


no. 8. 


Order DiscorDEA Haeckel, 1862 
Family PHACODISCIDAE Haeckel, 1881 
Genus AsTROPHACUS Haeckel, 1881 


Phacodiscidae with double medullary 
shell and numerous (20 or more) simple ra- 
dial spines on the margin of the disc, com- 
monly with a variable number and an 
irregular disposition of the spines. 


ASTROPHACUS CINGULATUS 
Aberdeen, n. sp. 
Plate 20, figure 15 


Test consisting of two shells, the outer 
one being 0.32 mm in diameter and 0.005 
mm in thickness. Apparently the center 
sphere was supported by bars, but only the 
remnant of one is visible. The even arrange- 
ment of the spines around the periphery and 
the exact number appearing on either side 
of the slide suggests that the outer shell 
was discoid in character with a spiny periph- 
ery. The spines are all 0.02 mm in length and 
0.01 mm wide at the base. They are short 
and acuminate. No lattice is visible. The 
inner shell is spherical. 

Type.—Holotype, Walker Mus., Chicago 
Univ. 44996, no. 4. 
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HELICOPRION IN THE PERMIAN OF 
WESTERN AUSTRALIA 
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ABSTRACT—New finds of Helicoprion in Western Australia led to a restudy and re- 
definition of the species Edestus davisii, described by Woodward in 1886. This 
species has always played an important role in discussions concerning the age and 
correlation of the ‘‘Permo-Carboniferous” sequence of Australia. The distribution, 
nature, habitat, and taxonomy of Helicoprion are reviewed and t he significance of 
the genus for the correlation of the Western Australian sequence is discussed. Its 
occurrence in beds near the top of the marine Permo-Carboniferous of Western 
Australia forms an additional reason for the inclusion of these strata in the Artin- 
skian. The Western Australian finds are described in detail, and it is found that 
H. davisii is even more closely allied to the genotype, H. bessonowi, than Karpinsky 
realized. Also, the internal structure of the Western Austrialian species is identical 





with the structure of H. bessonowi as described by Karpinsky. 





RK SINCE H. Woodward in 1886 de- 
scribed the remains of an Edestid from 
Western Australia, the probable occurrence 
of Helicoprion in this part of the world has 
aroused considerable attention and discus- 
sion, particularly in recent years in connec- 
tion with attempts to correlate the ‘‘Permo- 
Carboniferous” of Australia with strata in 
other parts of the world (Schuchert, 1928; 
David and Sussmilch, 1931; Raggatt and 
Fletcher, 1937—to mention only the more 
recent contributions). 

Woodward’s original specimen which was 
described as Edestus davisii, came from the 
valley of the Arthur River, which enters the 
Gascoyne River some 130 miles inland from 
Carnarvon. It had not been found in situ 
and its source of origin was and still is a 
matter of speculation. This specimen is a 
beautifully preserved external mould of 
which a cast is here refigured (pl. 23, fig. 1). 
But, as will be seen from this illustration 
the specimen is fragmentary and its exact 
relationships have always been a matter of 
controversy, although the species has been 
mentioned and discussed in many articles 
by European, American, and Australian 
writers. 

When establishing his new genus Heli- 
coprion, Karpinsky in 1899 pointed out 
that at that time Edestus davisii was the 
only known species of Edestids which was 
sufficiently similar to the genotype of 
Helicoprion, H. bessonowi, to be included 


with it in the same genus, a view which was 
maintained by Karpinsky throughout his 
later writings on Helicoprion. 

* Eastman, however, in 1902 referred the 
Australian species to his genus Campylo- 
prion, which is only poorly defined and most 
probably a synonym of Helicoprion (Kar- 
pinsky, 1912, p. 86), whereas Hay in 1909 
included it in Toxoprion, a genus of Edestids 
with a curved row of teeth. In spite of these 
differences of opinion, Karpinsky (1912, 
p. 90) maintained that ‘‘Edestus Davisii is 
a spiral organ—a conjecture, that, we may 
hope, will be confirmed by future dis- 
coveries.’’ Other authors followed this view 
more or less confidently, though the pos- 
sibility that the West Australian form might 
belong to Toxoprion was never excluded 
from later discussions (David 1928, David 
and Sussmilch 1931, Raggatt and Fletcher 
1937). David in 1928 gave an important 
account of Edestus davisti and of some of the 
views expressed on this species. He was 
inclined to regard the Australian form as 
more nearly allied to Helicoprion than to 
Toxoprion. The questions involved in the 
study of this fossil were clearly set out by 
David and Sussmilch in 1931 (p. 513) as 
follows: 


This occurrence of Hélicoprion (?) is obviously 
of vital importance for the whole palaeontology 
and stratigraphy of the ‘‘Permo-Carboniferous” 
rocks of Australia, and every effort should be 
made to discover the exact horizon of its occur- 
rence and to ascertain whether it had a spiral, 
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like Helicoprion, or resembled Toxoprion, or some 
allied Upper Carboniferous form. 

Both these questions can now be an- 
swered with some degree of certainty: 
Edestus davisii is, in some respects, even 
more similar to Helicoprion bessonowi than 
Karpinsky realized, and the species occurs 
in the top part of the Wandagee stage, near 
the top of the marine Permian sequence of 
Western Australia. 


NEW OCCURRENCES OF 
HELICOPRION 


No additional material of Helicoprion 
came to light during a period of 51 years 
after Woodward’s description of Edestus 
davisit, until 1937 when Miss Shirley Gooch 
of Wandagee Station, Carnarvon District, 
found a row of five teeth belonging to the 
same species in the bed of the Minilya 
River, near Wandagee Homestead. Un- 





















































Fic. 1.—Map of Western Australia showing 
localities where Helicoprion has been found. 
1, holotype no. 9080; 2, second specimen no. 
G 8523; 3, third specimen no. 19221. 
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fortunately, this specimen was not found 
in situ either, but it established the occur- 
rence of the species in a region 120 miles 
north of the area where it was first dis 
covered. Furthermore, in this specimen, the 
teeth are well preserved and their structure 
can be studied (plate 22, figures 2-4). The 
specimen, however, did not contribute to- 
wards establishing the relationships of 
Edestus davisit. 

Fortunately, a third specimen, which was 
found in May 1939, lends support to Kar- 
pinsky’s view that Edestus davisii must be 
referred to Helicoprion. During a joint ex- 
cursion with the writer on that part of the 
country south of the Minilya River which 
is known as Coolkilya Flat, about one mile 
north of Wandagee Hill, Mr. H. Coley 
picked up an external mould of a Heli- 
coprion, and a few yards from this place Mr. 
E. P. Utting found part of the mould of the 
opposite side of the same specimen (pl. 23). 
These specimens were found in strata very 
close to the top of the Permo-Carboniferous 
sequence of the Northwest District. 

Raggatt and others have subdivided the 
Permo-Carboniferous of the Northwestern 
part of Western Australia as follows (Rag- 
gatt 1936): 

Wandagee Stage 
Kennedy Stage 
Byro Stage 
Wooramel Stage 


Callytharra Stage 
Lyons Stage 


Recent field work by the present writer 
and students of the University of Western 
Australia has resulted in the following sub- 
division of the Wandagee Stage (Teichert 
1939a): 


Helicoprion-Fenestella beds 
Lamellibranch beds 
Calceolispongia-Strophalosia beds 
Calceolispongia-A ulosteges beds 
Lingula beds 


The thickness of the entire Wandagee 
“stage” is in the vicinity of 2,000 feet. 
Helicoprion was found in the lower part of 
the Helicoprion-Fenestella beds. 

FOREIGN DISTRIBUTION OF 
HELICOPRION 


The more important facts in regard to 
the discovery and distribution of Heli- 
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coprion in different parts of the world have 
been presented in a recent paper by Wheeler 
(1939). The salient facts may be sum- 
marized here with a few additions and 
corrections to Wheeler’s paper. Repre- 
sentatives of the genus are at present known 
from Russia, Japan, Indo-China, and 
western North America. 

Russia: Karpinsky in 1899 announced 
the first finds of Helicoprion and described 
Helicoprion bessonowi from beds of Ar- 
tinskian age in the Ural Mountains. In 
1922, Karpinsky described another species, 
Helicoprion ivanovi, from the Omphalotro- 
chus beds of the Uralian of the Ural Moun- 
tains. A find of Artinskian age, described as 
Helicoprion clerci by Karpinsky in 1916, 
was later transferred to a different genus, 
Parahelicoprion, by the same author (1922, 
1925). 

Japan: In 1903, Yabe reported FHeli- 
coprian bessonowi from the Fusulina lime- 
stone near Hanawa on the Waterasegawa 
River in Japan, where it occurs together 
with Neoschwagerina. 

Indo-China: Hoffet in 1933 listed Hellt- 
coprion from the Houei Nam Cham lime- 
stone in the province of Laos. This lime- 
stone conformably overlies beds of Upper 
Uralian age. 

North America: Wheeler in 1939 described 
two species of Helicoprion, one from 
Nevada, the other from California, both 
from formations of long-supposed Mesozoic 
age which are now classified as Upper 
Palaeozoic. If, as is probable, Lissoprion, 
Hay (1909) is a synonym of Helicoprion as 
maintained by Karpinsky (1912), though 
rejected by Hay (1929, p. 573), the genus is 
represented by Lissoprion ferriert Hay in the 
Phosphoria formation of Idaho and Wyo- 
ming, whose cephalopod fauna is of Ar- 
tinskian affinities (Miller and Cline, 1934, 
p. 287). 

The occurrence of Helicoprion in the Up- 
per Productus limestone of the Salt Range 
India was reported by Koken in 1901 and 
was applied in correlation by Koken in 1907, 
by Schuchert in 1928 and by others. It still 
is quoted by Wheeler (p. 104), although 
Branson in 1935 has shown that the Upper 
Productus limestone specimens belong to a 
different genus, Helicampodus, which has a 
straight, not a coiled, row of teeth. It seems, 
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therefore, that Helicoprion is not repre- 
sented in the Salt Range and does not, as 
Wheeler believes, help to substantiate Gra- 
bau’s correlation of the Upper Productus 
limestone with the Artinskian and lower 
Kungurian. 

With regard to the age of Helicroprion in 
different parts of the world the following 
facts are important: 

In Russia, two different species occur in 
the Uralian and in the Artinskian. In Japan 
and in Indo-China the genus does not occur 
before the Artinskian. In America, one spe- 
cies of Helicoprion occurs in the Artinskian 
Phosphoria formation, others in strata 
which have been correlated with the help of 
this genus and cannot be used in interconti- 
nental correlation. 


SIGNIFICANCE OF AUSTRALIAN HELICOPRION 


Clarke indicated (1938) that there might 
be a great thickness of beds of Artinskian 
age in Western Australia and it has recently 
been suggested by the present writer (1939b), 
on the basis of general palaeontological evi- 
dence, that no marine strata younger than 
Artinskian in age are represented in the 
Permo-Carboniferous sequence of the North- 
west Division of Western Australia. This 
statement is substantiated by the find of 
Helicoprion near the top of the Wandagee 
beds. Unfortunately, the exact place of the 
Wandagee beds in the stratigraphical se- 
quence is not yet established beyond doubt. 
Results of recent fieldwork by the writer in 
1939 seem to make it possible that the 
Wandagee beds are older than the Kennedy 
sandstone and correspond, in part, to the 
upper portion of the Byro beds of geologists 
who have studied the geological sections 
along the Gascoyne and the Wooramel 
Rivers. Thus, it cannot yet be said with 
certainty whether or not the Kennedy sand- 
stone is to be included in the Artinskian 
series of Western Australia. 

As regards the holotype of Helicoprion 
davisii, Raggatt hazards the guess that it 
might come from beds of Byro age (Raggatt 
and Fletcher 1937, p. 181) which is un- 
doubtedly the best suggestion to be made 
under the circumstances as no strata younger 
than Byro are known to crop out in the gen- 
eral area from which the specimen must be 
derived (Raggatt 1936, Waterford). The 
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second specimen of H. davisiit, mentioned 
above, from a locality near Wandagee 
Homestead, was found in a place which 
suggests derivation from a horizon some- 
where below the Wandagee stage, perhaps 
from the lower part of the Byro, though the 
geology of the country east of Wandagee 
Homestead and further up the Minilya 
River is too poorly known to allow definite 
statements in this respect. There is thus the 
possibility that Helicoprion in Western Aus- 
tralia occurs at two different stratigraphic 
levels. On the other hand, it is possible that 
outcrops of Wandagee beds occur in places 
now mapped as undifferentiated Byro, but 
in any case the occurrence of the genus in 
Wandagee strata helps to fix an upper age 
limit for the correlation of the marine se- 
quence in the Northwest Division of West- 
ern Australia. 


TAXONOMY OF HELICOPRION 


The relationships of Helicoprion to the 
shark group were well established by Kar- 
pinsky in 1899, The genus was originally 
referred to the family Edestidae Jaekel by 
Karpinsky, and many later authors, in- 
cluding White (1936) and Wheeler (1939), 
followed Karpinsky’s original suggestion, 
though Karpinsky himself in later papers 
(1911; 1912, p. 81) established a separate 
family Helicoprionidae which was also ac- 
cepted by Hay in 1929. Romer (1933) re- 
ferred Edestus and Helicoprion to the family 
Heterodontidae, and White, in 1936, estab- 
lished a separate suborder Edestida for the 
family Edestidae, including Edestus and 
Helicoprion. The following is a tabulated re- 
view of recent attempts toclassify the genus 
Helicoprion: 


Hay, 1929: 


Superorder ARISTOSELACHII 
Order SELACHII 
Suborder SQUALIFORMES 
Superfamily EDESTOIDEA 
Family HELICOPRIONIDAE 
Genus HELICOPRION 


Romer, 1933: 


Order ELASMOBRANCHII 
Suborder SELACHII 
Superfamily HETERODONTOIDEA 
Family HETERODONTIDAE 
Genus HELICOPRION 
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White, 1936: 


Superorder ANTACEAE 
rder HETERODONTEA 
Suborder EpEsTIDA 
Superfamily EDESTOIDEA 
Family EDESTIDAE 
Genus HELICOPRION 


Finally, Nielsen, in 1932 (p. 20) sug- 
gested that on account of the dentition and 
micro-structure of the teeth of the least 
specialized genera of the Edestidae (viz. 
Agassizodus and Fadenia), the Edestidae, 
including Helicoprion, should be included in 
the order Bradyodonti. The structure of the 
teeth of Helicoprion, however, is so differ- 
ent that, however true Nielsen’s deductions 
may be in the case of the genera studied by 
him, they are hardly applicable to this 
genus. It seems justifiable to maintain the 
family Helicoprionidae in view of the im- 
portant differences, mainly in the orientaton 
of the teeth, between Edestus and Helico- 
prion, which were pointed out by Hay in 
1912 and by Karpinsky in 1911, 1912, and 
1916. 

In addition to Helicoprion, with its syno- 
nyms Lissoprion Hay and Campyloprion 
Eastman, this family includes Parahili- 
coprion Karpinsky. 


NATURE AND HABITAT OF HELICOPRION 


Karpinsky’s elaborate description of the 
structure of Helicoprion, published in 1899, 
is still unsurpassed. It went to prove that 
the segments or teeth of Helicoprion have a 
composition characteristic of elasmobranch 
teeth and placoid scales, and it is interesting 
to note that one of the recently discovered 
West Australian specimens of Helicoprion 
davisii is the first specimen from anywhere 
outside Russia in which the structure of the 
teeth can be studied and that this structure 
was found to be in full agreement with that 
found by Karpinsky in Helicoprion bes- 
sonowt. 

Ever since its discovery there has been 
much speculation as to where the spiral of 
Helicoprion could have been situated in the 
living animal. Karpinsky, in his first mono- 
graph, discussed these alternatives, that the 
spiral might have formed part of the tail of 
the animal, or that it might have belonged 
to the mouth region in which case it must 
have projected from the mouth as a coiled 
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row of symphysial teeth. The first alterna- 
tive, as well as later suggestions put forward 
by Eastman (1902), Fuchs (1900), Klaatsch 
(1901), Hay (1909) and others, were dis- 
missed after Hay’s description, in 1912, of 
a find of Edestus teeth in their natural posi- 
tion as symphysial teeth in both the upper 
and lower jaw. The matter was fully re- 
viewed by Karpinsky in 1915 who was then 
fully convinced that the spiral of Helico- 
prion represented a symphysial row of teeth, 
arranged, for the most part, outside the 
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Fic. 2.—Morphological terminology of Heli- 
coprion. (Adapted from Wheeler, 1939.) 


mouth. He left open the question whether 
such a symphysial row had been present in 
both jaws or in only one, and, if so, whether 
in the upper or lower jaw. Even today, no 
answer to these questions can be given,and 
no better statement of the case can be given 
than those presented by Karpinsky in 1899 
and 1915. 

Karpinsky, as he explained especially in 
his paper in 1915, was of the opinion that 
Helicoprion was an animal of the high sea 
which only occasionally approached the 
coast. The symphysial teeth could only be 
preserved in a fossil state if the animal died 
near the coast or if it lost the spiral by vio- 


lence during a fight near the coast. The lat- 
ter must have been a very rare case, for, as 
Karpinsky pointed out, a fish of the size of 
Helicoprion can hardly have had any ene- 
mies in the littoral regions of the Artinskian 
sea in the Ural region. The same is true for 
Western Australia where the Artinskian 
fauna associated with Helicoprion in a gen- 
eral way, is very similar to that of the Urals, 
except for a smaller contingent of pelagic 
cephalopods. Brachiopods, lamellibranchs, 
and bryozoans are preponderating; there is a 
fair number of species of corals, of mostly 
benthonic gastropods, and of crinoids, 
whereas trilobites and ammonoids are rare. 
The last mentioned group is represented by 
species of Propinacoceras and Paragastrio- 
ceras. 


MORPHOLOGICAL TERMINOLOGY 


For descriptive purposes the morphologic 
terminology proposed by Wheeler (1939, p. 
109) can be accepted with the exception of 
the term ‘‘interdental spaces” which seems 
rather objectionable, though it was also 
used by Hay in 1909. Karpinsky’s investiga- 
tions have shown that the spiral of Helico- 
prion forms one solid structure, a fact which 
was overlooked by Klaatsch (1901) and 
others. What for descriptive purposes are 
called the ‘‘teeth” are actually the enamel- 
covered portions of the spiral. Two adjacent 
enamel-covered areas are separated by a 
curved depression which is not covered by 
enamel. Karpinsky did not apply a special 
term to these parts of the spiral, but referred 
to them as ‘nicht von Email bedeckten 
Zwischenstretfen”’ (1899, p. 396). That these 
“Zwischenstreifen’’ do not represent ‘‘inter- 
dental spaces” can be clearly seen by com- 
paring figures 2 and 3 on plate 22 of Helico- 
prion davisit. In figure 3 the curved 
‘“‘Zwischenstreifen,” plainly visible in figure 
2, can be seen as depressions in the lower 
part of the dentine of the spiral. 





EXPLANATION OF PLATE 22 


Fics. 1-4—Helicoprion davisit (Woodward). /, plaster cast of holotype (no. 9080 Western Austra- 
lian Museum and Art Gallery); Arthur River, Carnarvon District, West Australia, nat. 
size; 2-4, no. G 8523, Western Australian Museum and Art Gallery, Minilya River near 
Wandagee Homestead, Carnarvon District, Western Australia; 2, side view, nat. size; 
3, end view, X3; 4, coronal view of first three teeth, <3. (p. 145) 
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SYSTEMATIC DESCRIPTION 
HELICOPRION DAVISII (Woodward) 


Plate 22, figures 1-4; plate 23, figures 1-4 


First specimen (holotype, no. 9080, Mu- 
seum and Art Gallery, Perth): Woodward’s 
original specimen is a well preserved exter- 
nal mould which has been well described by 
that author and also by Karpinsky in 1899 
(pp. 440-443). As no photographic repro- 
duction of this specimen has ever been pub- 
lished, it is here figured on plate 22, figure 1. 
As Karpinsky observed, it represents more 
than one third of a volution, more exactly a 
sector of 156°, and it consists of 15 teeth and 
part of a sixteenth. The total number of the 
teeth in one entire volution must have been 
between 34 and 35. Karpinsky (1899, p. 441) 
calculated the number of teeth in one volu- 
tion as 33, which, however, is somewhat too 
small. Measurements of some of the teeth 
are given in table 1. The edges of the blades 
are serrated and show on an average about 
15 denticles on each side. Further particu- 
lars of this specimen will be discussed below 


in connection with the description of more 
recent finds. , 

Second specimen (no. G 8523, Museum 
and Art Gallery, Perth) (pl. 22, figs. 2-4): 
This is a row of five teeth which are well 
preserved except for the upper portions of 
the blades. Measurements are given on table 
1. The uppermost parts of four of the blades 
are broken off along an uneven surface; the 
central tooth, however, is evenly rounded 
above with a shining surface (see pl. 22, fig. 
4). It is hard to say whether this surface 
results from natural wear or has been pro- 
duced by transport of the specimen in the 
river bed. 

In this specimen the internal structure of 
the spiral can be studied and it was found 
that this structure apparently is in com- 
plete agreement with that of Helicoprion 
bessonowi as described by Karpinsky in 
1899 and 1915. Since it was thought that the 
specimen would not furnish any essentially 
new information, no detailed histological 
study of it has been made which would have 
necessitated the destruction by sectioning of 
this unique find. 


TABLE 1.—DIMENSIONS-OF THE TEETH OF HELICOPRION DAVISII AND HELICOPRION BESSONOWL. 
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Helicoprion davisii 
(1) holotype: 
smallest tooth............. | 9.9) §.6| 23.1} 2.3 | 1.5 | 14.6] 1.1] 3.3 | 0.14 
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(2) Second specimen | | 
(no. G 8523) | | 
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(3) Third specimen | 
(no. 19221) | 
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Helicoprion bessonowi | 
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(Karpinsky, 1899, Plate I) 
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B=height of blade M=height of middle portion 
a=height of volution N=length of narrowed base. 
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Karpinsky, in 1899 (pp. 404-416) dis- 
tinguished the following kinds of dentine in 
Helicoprion bessonowt: 

(1) “Stark poréses schwammiges Vaso- 
dentin,”’ corresponding to Rése’s trabecular 
dentine and to Tomes’ osteodentine, with an 
immense number of anastomosing canals. 
This dentine makes up the shaft and is pene- 
trated by a longitudinal canal. 

(2) ‘‘Faseriges Vasodentin,’’ concentri- 
cally surrounding the former. This is a 
denser variety of dentine which contains an- 
other longitudinal canal, penetrating the 
middle portion of the teeth. 

(3) The inner part of the spiral above the 
last mentioned canal is filled with dentine 
with ‘“‘Haversian”’ canals; from the latter 
very fine dentinal tubes run towards the 
denticles of the blades. 

(4) ‘“‘Feinfaseriges Vasodentin”’ in those 
places where the bases of the teeth are in 
contact with each other. This dentine is 
clearly visible only in longitudinal sections. 

(5) ‘‘Réhrenvasodentin” or ‘Parallel- 
réhrenvasodentin”” which forms the outer 
layer of dentine in those places where the 
spiral is covered by enamel. This ‘“‘Réhren- 
vasodentin”’ is penetrated by a great num- 
ber of, sometimes dichotomous, dentinal 
tubes, arranged vertically to the surface of 
the teeth. 

The outermost layer of the teeth is re- 
ferred to by Karpinsky as “emailartige 
Schicht”’ or ‘‘Placoinschmelz’’ (1899, pp. 
417-419). Here Karpinsky acted under the 
influence of earlier observers (Hertwig and 
others) who regarded the enamel of selachian 
teeth as structurally different from the 
enamel of other vertebrates. In view of 
Weidenreich’s recent discovery (1926) that 
this much discussed outer layer of selachian 
teeth actually is identical with the enamel 
of other vertebrates, it is probably justifia- 
ble to regard Karpinsky’s ‘‘emailartige 
Schicht” as true enamel. This enamel layer 
can also be seen in the present specimen of 
Helicoprion davisii (see dark layer on right 
side of specimen pl. 22, fig. 3). Its thickness 
in this specimen increases from about 0.1 
mm. in the lower middle part to about 0.2 
mm. in the upper part of the cross-section 
of the spiral. 

In all probability, Canetares five varie- 
ties of dentine must be regarded as true 
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osteodentine.! Karpinsky himself (1899, p 
416) regarded the ‘‘Réhrenvasodentin”’ as 
true dentine, but it is more probably a 
variety of osteodentine. The dentinal tubes 
as they pass inwards become gathered 
together (see Karpinsky 1899, p. 417) into 
larger canals which originate from the 
larger ‘‘Haversian,’’ canals of the inner 
layer of osteodentine. The general structure 
is somewhat similar to that of a pike’s tooth 
which also possesses an outer layer of fine- 
tubed osteodentine (see Tomes, 1914, pp. 
98, 99). 

The inner osteodentine, Karpinsky’s 
“schwammiges Dentin’’ and the “dentine 
with Haversian canals,’’ forms a meshwork 
of irregular channels which is penetrated by 
two longitudinal canals, one of them in the 
upper part of the shaft which may be called 
the “proximal canal,” the other near the 
base of the middle portion of the ‘‘teeth” 
which may be called the ‘distal canal.”’ 
Both canals were described in detail by 
Karpinsky in 1915. The distal canal of 
Helicoprion davisii is well shown in the 
cross-section plate 22, figure 3. Its cross-sec- 
tion is circular and its diameter 1.1 mm. A 
reconstruction of this canal, ‘‘gros canal 
longeant,’’ in Helicoprion bessonowi was 
published by Karpsinky (1915, p. 132). The 
proximal canal is not clearly marked in the 
same cross-section, but is well seen in the 
third specimen to be described below. 

From the upper part of the porous osteo- 
dentine (Karpinsky’s ‘dentine with Ha- 
versian canals’’) issue a great number of 
medullary canals, longitudinal to the axis of 
the teeth. Some of these canals penetrate 
the entire length of the teeth in the man- 


1 Without more detailed histological studies it 
will be difficult to describe the dentine of Heli- 
coprion in terms of Weidenreich’s recent classifi- 
cation (1925). It is possible that Karpinsky’s 
varieties (1), (2) and (4) correspond to Weiden- 
reich’s “‘feinfibrillires”’ or ‘“‘circumpulpires Den- 
tin,’”’ whereas Karpinsky’s ‘“‘Réhrenvasodentin”’ 
may be identical with Weidenreich’s ‘‘grob- 
faseriges’’ or ‘‘Manteldentin.’”’ As has been 
pointed out by Nielsen (1932, p. 28), it is difficult 
to homologize Weidenreich’s classification of den- 
tine with those previously in vogue. Weiden- 
reich’s classification is based on observations of 
ontogenetic development, whereas previous class- 
ifications are merely descriptive, although still 
indispensable, where, as in the present case, 
ontogenetic observations are impossible. 
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ner illustrated by Karpinsky 1899, p. 404, 
and pl. 3, fig. 8). In Helicoprion davisii 
the medullary canals can be seen in the 
upper part of the cross-section (pl. 22, fig. 
3) and in the coronal view of the teeth (pl. 
22, fig. 4). 

Third specimen (nos. 19221 a and b, De- 
partment of Geology, University of Western 
Australia, Crawley) (pl. 23): Two specimens 
which are parts of the external moulds of 
one and the same spiral. The complete 
spiral consisted of almost exactly three volu- 
tions of which over two are well shown in 
the larger of the moulds (pl. 23, fig. 3), 
whereas most of the last volution is broken 
off or only shown in part. The opposite 
mould (pl. 23, fig. 1) represents only a little 
more than one and a half volutions of the 
specimen. The number of teeth in one volu- 
tion is 38. Measurements of the teeth are 
given in table. 1. 

The state of preservation of these moulds 
is inferior to that of the holotype, and the 
presence of serrated edges of the blades can- 
not be ascertained. As will be seen in table 1 
the teeth of the middle part (second volu- 
tion) have relatively shorter blades and 
longer middle portions than those of the 
first volution whose proportions are more 
similar to those of the holotype. In this con- 
nection, it will be noted that the relative 
length of the blades also changes consider- 
ably in Helicoprion bessonowi. Unfortu- 
nately, inthe present specimen theoutermost 
third volution is so imperfectly preserved 
that no direct comparison can be made with 
the holotype, which apparently represents 
part of the third volution of a specimen. 
Owing to the unsatisfactory state of preser- 
vation of the specimen, measurements of the 
apical angle of the teeth are unreliable, and 
no definite figures can be given. 

Ina few places traces of the osteodentine 
of the shaft are still preserved, and portions 
of the proximal canal can be seen. This 
structure was first observed by Karpinsky 
in 1899 (p. 405) and later described in more 
detail by the same author in 1915 (p. 132) 
as “canal longitudinal inferieur.’’ In the 
present specimen of Helicoprion davisii it 
appears on the smaller mould along the 
second half of the first volution as a thin 
cylindrical rod of about 0.4 mm. diameter 
(pl. 23, fig. 2). A small piece of it is also seen 


in the larger mould in the beginning of the 
second volution, where it is 0.6 mm thick 
(pl. 23, fig. 4). The cross-section of the canal 
is more or less circular; its surface is slightly 
irregular and the places where small side 
canals enter are clearly visible. 
Discussion.—The second specimen (no. 
G 8523) described above apparently agrees 
more closely with the holotype of Helico- 
prion davisii than does the third specimen 
(no. 19221). The relative length of the 
blades is shorter in this specimen, as com- 
pared with the holotype, but it also varies 
in specimens of Helicoprion bessonowi. An- 


‘ other difference can be noted in the angle 


between the longitudinal axis of the middle 
portions and of the blades of teeth and their 
narrowed bases as it appears from the fol- 
lowing table: 

TABLE 2.—ANGLE BETWEEN LONGITUDINAL 

AXIS AND BASE OF THE TEETH 

Helicoprion davisii 

(1) Holotype (no. 9080): 


largest tooth zz 
smallest tooth 119° 
(2) Second specimen 
(no. G. 8523) 
middle tooth 7" 
(3) Third specimen 
(no. 1922) 
at 3 volution 127° 
at 1 volution 128° 
at 13 volutions 130° 
at 2 volutions 126° 


Helicoprion bessonowt 
Karpinsky’s specimen 


1899, pl. 1 
at 4 volution 1Z1° 
at a little over 
1 volution 123° 
at 2 volutions 124° 
at 2? volutions 128° 
Karpinsky’s specimen 
1899, pl. 2 
at 4 volution 115° 
at 1 volution 119° 
at 2 volutions 121° 
at 2} volutions 110° 


It will be seen that this angle in the third 
specimen of H. davisii agrees more closely 
with conditions observed in the holotype of 
H. bessonowi than with those in the holo- 
type of H. davisii. In this respect, holotype 
and second specimen of H. davisii are in 
perfect harmony. On the other hand, in H. 
bessonowi, too, the angle of deflection is ap- 
parently variable as illustrated by the figures 
in table 2 for the second specimen figured by 
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Karpinsky. The proportions of the teeth of 
the third specimen of H. davisii (compare 
table 1) agree better with those of the holo- 
type of that species than with those of the 
holotype of H. bessonowi. The height of the 
volutions increases more rapidly in H. bes- 
sonowt than in the third specimen of H. 
davisti and in this respect there is greater 
similarity between the holotypes of the two 
species. 

There are also differences in the number 
of teeth per volution. In the holotype of H. 
davisit this number is probably not greater 
than 35, in the third specimen described 
above it is 38, and in H. bessonowt it is 43. 

It appears, therefore, that the third speci- 
men described above is in many respects 
intermediate between the holotypes of H. 
bessonowi and H. davisii. Nevertheless, at 
the present moment the creation of a new 
species for that specimen is thought to be 
unwarranted. It is here included in H. 
davisii and thought to indicate the close 
relationship between this species and H. 
bessonowi. Karpinsky himself has empha- 
sized (1912, p. 83) that there is a consider- 
able variability in H. bessonowit and a 
similar variability must be expected in H. 
davisit. If ever a complete spiral of Helico- 
prion should be found in Western Australia, 
the two species may prove to be identical. 
On the other hand, if future finds should 
reveal the presence of two species of 
Helicoprion in Western Australia, this would 
not be altogether surprising in view of the 
fact that holotype and second specimen are 
possibly derived from a lower stratigraphic 
horizon than the third specimen. This pos- 
sibility has been discussed in a previous sec- 
tion. 

The Uralian Helicoprion ivanovi (Kar- 
pinsky 1922 b) differs in several respects 
from H. bessonowi as well as from all the 
specimens here referred to H. davisii. The 
teeth are relatively narrower; the narrowing 
of the bases is much more gradual and the 
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narrowed bases are relatively longer. Also 
the bases are deflected at a greater angle (up 
to 140°) and the width of the shaft is rela- 
tively less, so that the cross-section of the 
spiral is more slender than in both H. 
bessonowi and H. davisit. It can, therefore, 
be stated that H. davisii is more closely re- 
lated to H. bessonowi than to H. ivanovi. 

In 1912 (p. 92) Karpinsky stated that H. 
davisii was more closely related to H. 
ferriert (Hay) than to any other species of 
the genus. However, as Wheeler has already 
pointed out, the shaft of the latter species is 
much higher. Also, the apical angle of the 
teeth is smaller than in H. davisti. In respect 
to the height of the shaft H. ferriert agrees 
better with the Japanese specimen described 
by Yabe (1903) as H. bessonowi. In many 
respects this Japanese specimen is closely 
similar to the third specimen of H. davisti 
(no. 19221), especially in the proportions of 
the teeth, though on account of the height 
of its shaft it may be more closely related to 
H. ferrieri than to either H. bessonowi or H. 
davisii. However, these three species appar- 
ently form one group of closely allied speci- 
mens. 
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THE GASTROPOD GENUS EUPHEMITES IN THE PENNSYL- 
VANIAN OF TEXAS 
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ABSTRACT—Four species of Euphemites are recorded from Pennsylvanian rocks of 
Texas. Their range and distribution are discussed. The species Euphemites car- 
bonarius (Cox), so widely cited in the literature, appears to be unrecognizable. 
Therefore the proposal is made that the name be abandoned. 





 pameange referable to the gastropod 
genus Euphemites Warthin (1930) are 
abundant in the Pennsylvanian strata of 
Texas. They weather out readily from 
highly fossiliferous shales of the Mineral 
Wells, Graford, Caddo Creek, and Graham 
formations, and a few specimens are to 
be found in nearly all formations from 
the Millsap Lake (Sellards, 1933) upward 
through the Pueblo. 

The collections of the Bureau of Econom- 
ic Geology, of the University of Texas, 
contain a large number of these specimens. 
Their diversity of form and ornamentation 
invites an attempt to differentiate several 
species. Accordingly, a thorough review of 
the literature has been undertaken and the 
following conclusions have been reached: 

(1) No American species is identical with 
Euphemites urii (Fleming, 1842). This is 
contrary to Keyes’ contention (Keyes, 
1894) that E. urii occurs in this country. 
(2) Euphemites carbonarius (Cox) is not a 
valid species. (3) Euphemites vittatus (Mc- 
Chesney) and E. blaneyanus (McChesney) 
are both valid, though both names are by 
most authors included in the synonymy of 
E. carbonarius (Cox). 

The following chart indicates the range 
of species of Euphemites in Texas. 





= — ————— 


Species of Euphemites 


Millsap Lake 
Mineral Wells 
Palo Pinto 


The genus Euphemites comprises subglob- 
ular, non-carinate, lirate Bellerophontidae 
called Euphemus by McCoy (1844), a pre- 
occupied generic name. Species of this genus 
flare only slightly at the aperture, and the 
whorl section is reniform, varying to sub- 
quadrate or sublunar. Of the known Ameri- 
can forms none are umbilicate. In all species 
except E. callosus (Weller) the inner lip is 
formed by the outer surface of the preceding 
volution without callosity of any sort. The 
nearest approach to carination is exhibited 
by E. nodocarinatus (Hall), which is marked 
by a nodose double carina on the non-lirate 
portion of the shell. E. inspeciosus (White) 
also has a distinct but non-nodose double 
carina on this portion of the shell. E. sub- 
papillosus (White), a Permian form, is 
readily distinguished by the character of its 
lirations, which instead of being continuous 
elevations break up into rows of small nodes 
that cover the portion of the shell that is 
smooth in other species of the genus. 


SYSTEMATIC DESCRIPTIONS 
Genus EUPHEMITES Warthin 
EUPHEMITES VITTATUS (McChesney) 
Plate 24, figures 4, 5 
Bellerophon urii, NoRWooD and PRATTEN, 1855, 
(non Fleming, 1828), Acad. Nat. Sci., Phila- 
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Caddo Creek 
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E. blaneyanus (McChesney) 
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delphia Jour., ser. 2, vol. 3, p. 75, pl. 9, figs. 
6a-c. 

Bellerophon vittatus MCCHESNEY, 1860, Descrip- 
tions of new Paleozoic fossils, p. 59. 

Bellerophon carbonarius, MEEK, 1872, U.S. Geol. 
Survey of Nebraska, p. 224, pl. 4, fig. 16, pl. 11, 
figs. Lla-c.—WuitE, 1884, Indiana Geol. Sur- 
vey, 13th Rept., p. 158. 

Euphemus carbonartus, Girty, 1915, U. S. Geol. 
Survey Bull. 544, p. 174. 


Norwood and Pratten did not describe 
the specimens that they referred to Beller- 
ophon urit Fleming, but they cited three 
localities and figured, incorrectly, a single 
specimen obtained from Cox and supposedly 
deposited in the Illinois State Collection. 
Cox (1857) pointed out differences between 
their specimen and figures. He described 
the species and to it gave the name B. 
carbonarius. He based his description on the 
specimen loaned by him to Norwood and 
Pratten. He did not mention a type locality 
nor reillustrate the form, and the type is 
now lost. Only the Grayville locality of Nor- 
wood and Pratten can logically be consid- 
ered as the type locality! and two species of 
this genus were described by McChesney 
from that place. It is doubtful whether 
either of them is the form that Cox de- 
scribed, for both are nodose near the axis 
and somewhat subtriangular in outline and 
the sides of the mouth are not extended to 
form ears. In all these respects they differ 
from the form described by Cox. As the 
tvpe of Cox’s species was never properly 
illustrated and is now lost, and as no type 
locality was named, his species must be re- 
garded as invalid and unrecognizable. 
McChesney’s name vittatus may be ac- 
cepted for the form noted by Norwood and 
Pratten. McChesney described the form in 
detail and listed Grayville among his locali- 
ties. The name was proposed as a substitute 
for the preoccupied urii and there can be 
little doubt that they are the same form, 
though neither was figured. 

E. vittatus (McChesney) has about 18 to 
22 lirations, but the exact number is diffi- 
cult to determine as the axial lirae develop 
from irregular rows of nodes that extend 
beyond the central lirae. Irregular spacing 
and unequal strength of the lirae is notice- 
able, particularly on the slit band, which on 


1 Weller, J. Marvin, personal communication, 
June 1, 1933. 


many specimens is limited by strong lirae 
that continue tothe aperture across the other- 
wise smooth portion of the shell. 

The whorl section is high, expanding most 
rapidly at the sides and at the slit band, and 
thus acquires at maturity in some specimens 
a subtriangular outline, although this shape 
is not pronounced except in a few individ- 
uals. On individuals whose whorls expand 
laterally at the sides rather than in the 
direction of curvature of the whorl section, 
the columella is completely closed but de- 
pressed. If the whorl section expands uni- 
formly it retains its semicircular cross sec- 
tion, and the axis is extended. The whorl 
section thus is highly variable, showing com- 
plete intergradation between the semicircu- 
lar and subtriangular forms. 

Types.—Hypotypes, Bureau of Economic 
Geology, coll. no. P 776, from the Graham 
formation a mile south of Gunsight, 
Stephens County, and about half a mile 
north of the Stephens-Eastland County 
line, and coll. no. 7124, from the Graford 
formation, exposed on the west side of 
Martin’s Lake about 2 miles south of 
Bridgeport, Wise County. 


EUPHEMITES BLANEYANUS (McChesney) 
Plate 24, figures 1-3 

Bellerophon blaneyanus McCuesney, 1860, De- 
scriptions of new Paleozoic fossils, p. 60.— 
McCueEsney, 1865, Illustration of New Species 
of Fossils, pl. 2, figs. 5a—c.—McCHESNEY, 
1868, Chicago Acad. Sci. Trans., vol. 1, p. 45, 
pl. 2, figs. 5a—c. 


This is a small species, the maximum 
diameter observed being about 12 mm. Its 
size is remarkably uniform, most of the 
Texas specimens having a diameter of 9 
mm or more, which is about the size of the 
specimen figured by McChesney. It is 
markedly depressed axially but the umbili- 
cus is filled by a smooth callus. 

The lirations number rather uniformly 
16 or 17 though a few specimens show as 
few as 14 or as many as 19. A few short lira- 
tions run diagonally forward from the axis 
toward the slit band at the point where the 
revolving lirae end, but they extend only 
about 2 mm. On most specimens these lirae 
are partly replaced by small nodes. The 
whorl section is high and somewhat sub- 
triangular. All these features indicate the 
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relationship of E. vittatus (McChesney) to 
this form. Intermediate forms occur near the 
middle of the Mineral Wells formation. 

E. blaneyanus (McChesney) can be dis- 
tinguished from all other American Euphem- 
itids by the callus-filled depression at the 
axis and by the short diagonal lirae. Its 
small size seems also to be distinctive. 

Types.—Hypotypes, Bureau of Economic 
Geology, coll. no. 7956, from the Mineral 
Wells formation exposed one-fourth mile 
northwest of Union Hill school, which is 6 
miles north-northwest of Mineral Wells, 
Palo Pinto County, and a topotype, coll. 
no. 12272 from Grayville, Ill., presented by 
Dr. J. Marvin Weller. 


EUPHEMITES INSPECIOSUS (White) 
Plate 24, figure 6. 
Bellerophon inspecitosus WuitTeE, 1881, U. S. Geol. 


Survey W. of 100th Mer., Rept., vol. 3, Supp. 
App., p. xxx, pl. 4, figs. la—d. 


The collection contains a few specimens 
of this striking shell. Instead of being coiled 
in a regular, even curve, this species is 
sharply geniculate at two points a third of a 
volution apart. At the first geniculation four 
alternate lirae over the center of the shell 
stop abruptly, and at the second the rest 
of the lirae disappear and the carina ap- 
pears. None of the lirae break up into 
nodes. On some specimens there is a groove 
on each side of the carina. 

The whorl section is low and broad, ex- 
panding laterally very rapidly. A section 
perpendicular to the axis is subtriangular, 
owing to the geniculations. 

Types.—Hypotypes, Bureau of Economic 
Geology, coll. no. P 645, from the Graford 
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formation exposed along the Brownwood- 
Bangs road, 2.5 miles west of Brownwood, 
Brown County. 


EUPHEMITES NODOCARINATUS (Hall) 
Plate 24, figure 7 


Bellerophon nodocarinatus, HALL, 1858, Geology 
Iowa, vol. 1, pt. 2, p. 723, pl. 29, figs. 15a-c. 


This species differs from others in the 
extreme thickness of its shell, the presence 
of nodes on the carina, and in the pro- 
nounced extension of the lateral margins at 
the aperture. A specimen having a diameter 
of 20 mm has a thickness of 8 mm measured 
radia!ly at the slit band and measures 5 
mm across the aperture. The total height 
of the whorl section, therefore, is nearly 
twice the diameter of the entire shell at a 
point half a volution farther back. This 
extremely rapid expansion of the shell 
throws the axis far from the geometric 
center. 

Beyond the point where the lirations ter- 
minate, the carina becomes noticeable and 
is ornamented with two rows of large, circu- 
lar, rounded nodes limiting the slit band. 
This portion of the shell is broken off most 
specimens. 

Near the aperture the lateral margins 
thicken and flare outward, and this expan- 
sion together with the elevation of the ca- 
rina gives the exterior outline of the aperture 
a somewhat trifid appearance, but the inte- 
rior outline is a smooth curve. 

The shell is strongly geniculate at two 
points, as is E. inspeciosus (White). This 
feature is not mentioned in Hall’s brief 
description but the second geniculation is 
shown in his figure 15b. The first genicula- 





EXPLANATION OF PLATE 24 
All specimens are broken about the aperture. 
“Fics. 1-3—Euphemites blaneyanus (McChesney), X1.5. 1, 2, Two specimens from the Mineral Wells 


formation showing the diagonal lirae near the axis; 3, Topotype from Grayville, Illinois, 
somewhat distorted and not entirely freed from the matrix. The prominence of the slit band 


is due to crushing. 


(p. 151) 


4-5—Euphemites vittatus (McChesney), X1.5. 4, Specimen from Graham formation a mile south 
of Gunsight. Method of addition of lirae is well shown; 5, Rather large specimen from 


Graford formation south of Bridgeport. 


(p. 150) 


6—Euphemites inspeciosus (White), X1.5. Small specimen from the Graford formation 2.5 miles 
west of Brownwood. The area bordering the carina is somewhat depressed on this individ- 


ual. 


(p. 152) 


7—Euphemites nodocarinatus (Hall), X1.5. Specimen from Millsap Lake formation southwest 
of Millsap. Only a few faint nodes are visible, the strongly nodose portion of the shell hav- 


ing been broken off. 


(p. 152) 
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tion is concealed by the outer whorl, but is 
plainly visible on the broken specimens or- 
dinarily found. 

Hall gives the number of lirations as 14 
or 16, but this number is variable with the 
stage of growth. The lirae increase by axial 
addition and on some specimens fine lirae 
are intercalated. These may continue for a 
quarter of a volution and then die out or 
may attain the usual size and continue 
about the shell. 

This species is not likely to be confused 
with any other so far known unless it be 
E. inspeciosus (White), which is also cari- 
nate near the aperture, and geniculate. 
However, the carina of E. inspeciosus 
(White) is smooth rather than nodose. 
Furthermore, the second geniculation coin- 
cides with the point of discontinuation of 
the lirae and rise of the carina, whereas on 
E. nodocarinatus (Hall) the second genicula- 
tion occurs about a third of a volution 
farther back. The manner in which the lat- 
eral margins round into the axis is similar in 
E. nodocarinatus (Hall) and E. vittatus 
(McChesney) but in no other respect are 
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they sufficiently similar to cause confusion. 
Type.—Hypotype, Bureau of Economic 
Geology, coll. no. 11384, from the Millsap 
Lake formation 5.5 miles southwest of Mill- 
sap and 0.15 miles south of Goen Cemetery 
on the Gordon road, Palo Pinto County. 


Note: The preparation of this paper was aided 
by a grant from the Penrose Bequest of the 
Geological Society of America. 
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PALEONTOLOGICAL NOTES 


CHECK LIST OF MISSISSIPPIAN OSTRACODA 
OF NORTH AMERICA 


I. G. SOHN 
Columbia University, New York 





oo DRILLING activities in the Illinois 
oil basin during the past few years 
stimulated the publication of several papers 
on Upper Mississippian Ostracoda. This is 
due to the fact that fossils of this group are 
helpful in subsurface correlation of the 
sediments associated with the petroliferous 
deposits. 

To facilitate the use of fossils of this group 
for such correlation, this check list of Mis- 
sissippian Ostracoda was drawn up. The 
list shows the formations from which given 
species have been described. The valid 
name of each species where synonomy oc- 
curs is listed, except in the two cases dis- 
cussed subsequently. The formation from 
which a synonym has been described is 
listed after the valid name only.! 

Pontocypris ? acuminata Ulrich, 1891 
(1891, p. 21, pl. 17, fig. 8a, c), is preoccupied 
by P. acuminata (Alth) (1850) in Jones and 
Hinde, 1890 (A Supplementary Monograph 
of the Cretaceous Entomostraca of England 
and Ireland, Paleontographical Soc., p. 3), 
where they refer Cytherina acuminata to 
P. acuminata (Alth), 1850. 

The writer was advised by Dr. Ulrich’s 
office that it may be best not to rename 
Pontocypris ? acuminata because the species 
was originally questionably placed in the 
genus Pontocypris and future study may 
remove that species from this genus. If the 
species were shifted to a new genus, the 
specific name would be valid, and any new 
name would become a synonym. P. ? ac- 
uminata consequently appears in the list. 

Bairdia contracta Morey, 1935 (1935a, p. 
480, pl. 54, fig. 11, 12), is preoccupied by B. 
contracta Jones, 1856 (A Monograph of the 
Tertiary Entomostraca of England. Paleont. 
Soc. p. 53, pl. 5, fig. 1a—c). 

1Qne method of correlation by statistical 
means is described by Dr. C. Croneis in ‘‘A New 


Type of Paleontological Table’, Am. Jour. Sci., 
vol. XX, pp. 339-343 (1930). 


The writer has as yet not received a sug- 
gestion for a new name from Dr. Morey, 
consequently the invalid name, B. contracta 
Morey, 1935, appears on the list. 

Bairdia depressa Geis, 1932 (1932, pl. 178, 
pl. 25, fig. 12a—b), is preoccupied by B. de- 
pressa Kofka, 1887 (‘‘Kritische Verzeichniss 
die Ostracoden der béhmischen Kreide- 
formation” in ‘“‘Die Crustaceen der bdh- 
mischen Kreideformation’’ by A. Fritsch 
and J. Kofka). 

At Dr. Geis’s suggestion the name Bairdia 
distressa Geis, 1940, is here designated as a 
new name for B. depressa Geis, 1932. 

The genus Reversabella Coryell and John- 
son, 1939, is congeneric with Persansabella 
Coryell and Sohn, 1938, consequently the 
species in Reversabella are here shifted to 
Persansabella. Sansabella johnsoni Croneis 
and Thurman, 1939, and S. harrist Croneis 
and Funkhouser, 1939, are shifted to the 
genus Persansabella. 

The genus Carboprimitia Croneis and 
Funkhouser, 1939, is not congeneric with 
Geffenina Coryell and Sohn, 1938, nor with 
Geffenites Coryell and Sohn, 1938, but 
is probably congeneric with Sansabella 
Roundy, 1926. Due to the fact that Croneis 
and Funkhouser consider Carboprimitia dif- 
ferent from Sansabella and that the writer 
has not examined any specimens of the 
former genus, Carboprimitia is here listed as 
a valid genus. 

There are 364 species distributed in 82 
genera listed from the Mississippian of 
North America. 314 of the species are listed 
from only one formation, 44 species from 
two formations and 6 species from three or 
more formations. 

The writer wishes to thank Dr. H. N. 
Coryell for the use of his unpublished manu- 
script, “‘A Bibliographic Index of Ostra- 
coda’’, and for his advice in solving many of 
the nomenclatorial problems. 
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* The classification of formations used herein is for convenience only, 
as strictly defining age limits. 


and should not be construed 
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Hi. stmalatvie (Uizich), 1001... .ccccccccccs — _ — —_ | Glen Dean 
rd ey I Boson ccncncnscacweesee — | Amsden | | 
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| | ] “ 
. | Chesterian 
Sante. | Osagian | Meramecan =e. —.- —_—__— 
| | Lower Upper 
Hypotetragona impolita Morey, 1935............. --| Basal Miss. | Chouteau 
Idiomor phina insignis Croneis and Gale, 1939. . _— —- — —_ Golconda 
I. oehersi Croneis and Bristol, 1939............ a _- Menard 
I. ornata Croneis and Gale, 1939.............. oa — — a= Golconda 
Jonesina consimilis Croneis and Bristol, 1939... .. —_ —- — — Menard 
J. holli Croneis and Gutke, 1939.............. — — oo -= Renault 
J. insculpta Croneis and Funkhouser, 1939... .. — — = ~- Clore 
J. intermedia Croneis and Bristol, 1939........ | _— —- = — Menard 
J. lalickert Croneis and Bristol, 1939.......... — _— — | Menard 
I I i ccnccneviesecieseciee esses | _— — Salem 
J. odini Coryell and Johnson, 1939............ —_ -- _- _ Clore 
J. persulcata Croneis and Gale, 1939.......... — = _- —_— Golconda 
ea OS? eee a Amsden | — _ Clore 
BN SS ree —_ _- — Fayetteville 
OP eS eee — _ | Salem — 
J.? skinneri Croneis and Gale, 1939........... | — ~- | —- od Golconda 
J. spinosa Croneis and Funkhouser, 1939...... _— _ | —- — Clore 
J.? tumida Croneis and Thurman, 1939....... -- — = — Kinkaid 
J. vinitaensis Harlton, 1929.................. a _- | ae Fayetteville 
J. wrighti Croneis and Gutke, 1939............ == — — _ Renault 
Kellettella incarinata Geis, 1932................. —_ _ | Salem 
Kirkbya aequalis Croneis and Funkhouser, 1939... — — _ — Clore 
K. bifrons Croneis and Thurman, 1939.. ae — — — — Kinkaid 
eS eee _- ao | Salem 
K. fossula Croneis and Bristol, 1939........... a — | —_— Menard | 
K. intermedia Croneis and Thurman, 1939. .... _ oo — — Kinkaid { 
K. marginata Croneis and Funkhouser, 1939.... _— —_— _ -- Clore 
K. regularis Croneis and Gale, 1939........... — — — — Golconda 
i I ooo ig sree w eo :4.e si.ig.avee 64:0 4 a — | Salem 
K. symmetrica Croneis and Thurman, 1939... .. — — — ~- Kinkaid 
K. turrita Croneis and Gale, 1939............ —- —- | _- — Golconda 
a) eee — Salem 
Kirkbyella ? dubia Morey, 1936................ _ | Chouteau 
K. gutkei Croneis and Bristol, 1939............ — - a= — | Menard 
NS See -- Chouteau | 
K. quadrata Croneis and Gutke, 1939.......... _— _— _ _— Renault 
Co eS eae Basal Miss. | Chouteau | 
Kicedenella sigurdi Coryell and Johnson, 1939. — | — —_— _— Clore 
Kloedenellina heimdalli Coryell and oan. 1939. — os -- = Clore 
Knightina neglecta Croneis and Gale, 1939... a= _ — _ | Golconda 
K. nodobliqua Croneis and Gale, 1939......... -- | i — — Golconda 
K. pingnoides Croneis and Gale, 1939......... = = a — Golconda 
Knoxina inflata Croneis and Gale, 1939.......... — — _ _ Golconda 
K. rogatzi Croneis and Gutke, 1939........... -- — -- — Renault 
Lamarella thurmani Croneis and hag gail 1939 —_ —_— _ —_— Clore 
Leightonella torta Croneis and Gale, 1939. -— -- —- _ Golconda 
Leperditia juvensis Croneis and Gale, 1939. ...... — — — — Golconda 
Lokius sigynae Coryell and Johnson, 1939. . _— — _ — Clore 
Macrocypris biconcava Croneis and Gutke, 1939.. —_— — — a Renault 
. chapmani Croneis and Bristol, 1939........ —_ -- _ — Menard 
M. reginni Coryell and Johnson, 1939......... —_— = | - — Clore 
Mauryella mammilata Ulrich and Bassler, 1932... Ridgetop 
M. quincollina Harlton, 1929................. os as Fayetteville 
Microcheilinella distorta (Geis), 1932............. a — | Salem 
M. pergracilis Croneis and Gale, 1939......... a —_ = — Golconda 
ES OS EE are — — Salem 
M. subcorbuloides (Jones and Kirkby), 1885... . —- _ — Barnett 
Microcoelonella scanta Coryell and Sohn, 1938. — —_— — —_ Reynolds 
Microparaparchites inornatus Croneis and Bristol, 
SN crate Sis acs Saree oS AP RSA os Spe alas G0" —_ —_ _- —_ Menard 
M. spinosus Croneis and Gale, 1939........... _ _ — —_ — 
Monoceratina furcula Croneis and Gale, 1939..... —- == _- —_ Golconda 
M. tennesseense Ulrich and Bassler, 1932....... Ridgetop 
Moorea granosa Ulrich, 1891.................... — == -- Glen Dean 
Neokloedenelia prima Croneis and Funkhouser, 1939 —_— _— —_— —_— Clore 
N. secunda Croneis and Bristol, 1939.......... — as — = Menard 
N. subquadrata Croneis and Gutke, 1939....... -- — = _— Renault 
Nuferella wellsi Coryell and Sohn, 1938.......... — — — a Reynolds 
Oliganisus geisi Croneis and Gutke, 1939......... — —- -- —- Renault 
Oe eee -- —- Salem 
rr eee _- | — Salem 
Paraparchites carbonarius (Hall), 1858........... — } —_ Salem 
Fr. Geeemeens BEOTSY, 19SS. .. o.oo cecccccecees Basal Miss. | Chouteau | ; { 
ee ee ree ee — ae — as L. Windsor 
{Golconda 
PF. Geermalns CCC oy), 1666... 65 icccicccccces — a= — — {Renault 
{Menard 
P. kinkaidensis Croneis and Thurman, 1939.... — _— | - -" 1d | — Kinkaid 
oorfie 
P. nicklesi (Ulrich), 1891........6.06.0000005. Basal Miss. {Chouteau Batesville | Fayetteville ee can 
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| Chesterian 

















Kinder- . 
: Osagian Meramecan | 
hookian | Lower | Upper 
P. nicklesi cyclopea Girty, 1910............... — | — — | Fayetteville 
P. robustus Croneis and Gutke, 1939.......... -- os — —_— Renault 
ee OE Ee —- — Salem 
Perprimitia ? bicornis Croneis and Gale, 1939... .. — os —_— —_ Golconda 
P. elegans Croneis and Gutke, 1939........... -- — as -— Renault 
P. funkhouseri Croneis and Thurman, 1939..... —_ o — —_— Kinkaid 
P. matheri Croneis and Bristol, 1939.......... oe — —- _ Menard 
P. robusta Croneis and Gale, 1939............. = — —- — | Golconda 
P. spinosa Croneis and Gale, 1939............ — -- - —_— | Golconda 
P. turrita Croneis and Gutke, 1939............ _ _ _ — | Renault 
Persansabella bradfieldi Coryell and Sohn, 1938... _ — — — Reynolds 
P. harrisi (Croneis and Funkhouser), 1939... .. — os — —- | Clore ; 
P. johnsoni (Croneis and Thurman), 1939..... .| — — — — fo neo 
P. njorthi (Coryell and Johnson), 1939......... — } _- _- Clore 
P. vaperan (iateg), FOB 0.5.0 ccccccsscces — | Amsden — Clore 
Plagionephrodes marginata Morey, 1935 Basal Miss. Chouteau 
a SS ee Basal Miss. | Chouteau 
Pontocypris ? acuminata Ulrich, 1891............ L. Waverly 
A eee Basal Miss. | Chouteau 
OO ee | — Salem 
(a ea ere — — Salem 
Primitia cestriensis Ulrich, 1891. _— _— _— — Glen Dean 
P. cestriensis caldwellensis Ulrich, 1891. —_ _ —_ — Glen Dean 
P. fayettevillensis Girty, 1910................. — = -- Fayetteville 
P. granimarginata Ulrich, 1891............... — — — — Glen Dean 
| A EL | ee _ Boone Moorefield 
ee ee Becciie. Fayetteville 
NE nin o8,0:0:6:6 -9:0:0:9:0:9:9% 09 aa — — Glen Dean 
P. subequata Ulrich, See -- i a _ Clore 
Primitiopsis ? striatus Croneis and Funkhouser, 1939 _ _ — _— | Clore 
Pseudoparaparchites ? aclis Croneis and Thurman, | — 
oa rican Gini ouaks untdatinas een — —_ —_ Kinkaid 
Pterocedella inconsueta Croneis and i 1939.. ae —_— | a — Renault 
P. mirabilis Croneis and Gale, 1939........... a a — _— Golconda 
Sansabella amsdenensis Morey, i938 re Monee ea S —- Amsden _— 
eee ee — | Amsden | 
S. fenriri Coryell and Johnson, 1939...........) a -= —_ Clore 
S. gunnari Coryell and Jehnson, 1939......... a — —_ Clore 
a  " er —_ _ Salem — 
Ee a eer ree a — oo | 
S. tumida Coryell and Sohn, 1938............. — — — Barnett | Reynolds 
eS Sea — a —- — 
a ree — -- — Caney Reynolds 
Sargentina allani Coryell and Johnson, 1939...... | — — — — Clore 
S. forsetii Coryell and Johnson, 1939.......... — | —- -- Clore 
Savagella lindahli (Ulrich), 1891..............-- di | Boone a. me 
S. supmsbobdatre Cststy), S985... . .. 000000000 oe | _— Batesville 
Seminolites conspicuus Harlton, 1929............ — | -- —- 
S. sohni Croneis and Bristol, 1939..... _ —_ = Fayetteville Menard 
Silenites marginiferus (Geis), 1932.........- — Chouteau , Salem —_ 
a OSS Re er ere -= Chouteau 
Sulcella crassimarginata Croneis and Thurman, 1939 _— _ — Kinkaid 
eee OO Eee Basal Miss. | Chouteau _ 
Ulrichia emarginata Ulrich, 1891................ — — — Glen Dean 
U. tenuimuralis Ulrich and Bassler, 1932.......| Ridgetop —e 
par ito golcondensis Croneis and Gale, 1939. . | _ _ — ies { nae 
Waylandella perplexa Morey, 1935................. Basal Miss. | Chouteau —_— 
Workmanella distincta Croneis and Gale, 1939. —_ | —_ — Golconda 
Youngiella rhomboidalts Croneis and Bristol, 1939. os ;o o— = —_ Menard 





Total genera, 82. 
Total species, 364. 
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ATURIA IN THE UPPER MIOCENE OF JAVA! 


J. WYATT DURHAM 
Department of Paleontology, University of California, Berkeley, California 





wm engaged in geological investiga- 
tions in West Java, the author col- 
lected two fragmentary specimens of Aturia 
in clay shales belonging to the ‘Middle 
Bodjongmanik beds.’’ This formation gen- 
erally is considered as belonging to the 
lower part of the Upper Miocene (stage ng 
of the Netherlands Indies Geological Sur- 
vey). 

As Aturia has not previously been re- 
ported inside the triangle India-Australia- 


1 Published by permission of the Neder- 
landsche Pacific Petroleum Maatschappij. 


Japan, it is deemed worthy of recording the 
occurrence despite the poor preservation of 
the specimens found. 

These specimens were submitted to Dr. 
L. F. Spath of the British Museum for 
examination. He reports:? 


I have compared the two specimens of Aturia you 
sent with the material in this museum and I think 
that your specimen no. 1 may well be identified 
with A. aturt, Basterot, from the European 
Miocene, at least if we rely on the section of the 
inner whorls. Specimen 2 has a wider venter, as 


2 Personal communication, September 28, 1938. 
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b. 


Fic. 1.—Aturia sp., drawn from specimen no. 2, approximately X1. a, Whorl section, partly restored; 
b, trace of suture pattern. 


your sketch shows, but it is probably only a local 
variety. 

Text figure 1 is a restoration from photo- 
graphs of the whorl outline and the external 
suture of specimen no. 2 which consists of 
only slightly over a single chamber of the 
last volution of an individual which was 
probably about 90 mm in diameter. Speci- 
men no. 1 is more complete but in a bad 
state of preservation. These have been de- 
posited in the Paleontological Museum of 
the Dienst van den Mijnbouw, Bandoeng, 
Java, N. E. I. 

Specimen no. 1 (Aturia aturi Basterot) 
comes from an outcrop of dark gray black 
shale on the bank of a small stream tribu- 
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tary to the Tjipangaoer, 2 kilometers 
slightly north of east of Kampong Pandjing- 
dangan, 8 kilometers due north of Djasinga, 
West Java. 

Specimen no. 2 was found in an outcrop of 
dark blue grey shale on the bank of. the 
stream Tjibioek, 13 kilometers above its 
junction with the Tjipangaoer, 43 kilome- 
ters due north of Djasinga, West Java. 

Specimen no. 1 (Aturia aturi Basterot) oc- 
curs somewhat higher in the section than 
specimen no. 2 which is overlain by beds 
containing Lepidocyclina, Cultellus dil- 
atatus Martin, Rostellaria verbeeki Martin, 
Cyprea caput-viperae Martin and other fos- 
sils characteristic of the Upper Miocene. 


AN OCCURRENCE OF ISOTELUS GIGAS DEKAY IN THE 
ARBUCKLE MOUNTAINS, OKLAHOMA 


ALFRED R. LOEBLICH, JR. 
Walker Museum, University of Chicago, Chicago, Illinois 





a eee Laudon (1938, p. 283; 1939, p. 
211) reported an unusual occurrence of 
Isotelus gigas DeKay from the Bromide 
formation of the Criner Hills, Oklahoma. 
Decker earlier (1931, p. 83) discovered the 
Stratum and, although he did not describe 
it in detail, listed it in his measured section 
for the Criner Hills. 


During the summer of 1938, while meas- 
uring sections and collecting Bryozoa in the 
Bromide formation with Dr. C. E. Decker, 
the writer discovered a similar occurrence 
of Isotelus gigas DeKay on Spring Creek 
(NE 3, Sec. 17, T.2S., R. 1 W.) in the south- 
western portion of the Arbuckle Mountains. 

The trilobites are exposed for a distance 
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of approximately 50 feet along the strike 
in the middle of a limestone layer, two to 
three inches in thickness. The stratum is 
one of a series of alternating thin shales and 
argillaceous limestones, approximately 140 
feet below the top of the Bromide formation. 
Numerous bryozoans, brachiopods and 
sponges are present in the beds immediately 
above and below the trilobite layer. 

The trilobites, which are brown in color 
against a light gray background, make 
striking museum specimens. Like those at 
the Criner Hill locality the specimens are 
badly fractured by weathering and are 
difficult to prepare. Only one small slab 
was noticed in which the trilobites had 
weathered out. As in the Criner Hills oc- 
currence, approximately half of the speci- 
mens are imbedded with the venter exposed, 
thus revealing many hypostomes in posi- 
tion. 
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The similarity in preservation and abun. 
dance of the trilobites, as well as the strati- 
graphic similarities suggest a correlation of 
the beds in the two areas. 

Small slabs from the Arbuckle locality are 
in the collections at Walker Museum, Uni- 
versity of Chicago; the University of Okla- 
homa, Norman, Oklahoma, and in Knox 
College, Galesburg, Illinois. 
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MEGASCOPIC FOSSILS FROM THE PERMIAN REEF 
TREND OF WEST TEXAS AND NEW MEXICO 


JOHN M. HILLS 
Midland, Texas! 





en: fossils are relatively un- 
common in cores from the Upper Per- 
mian of West Texas and New Mexico. 
Therefore, special interest attaches to two 
rather well preserved specimens found in 
cores taken from wells drilled near the 
Upper Permian Capitan reef. 

The first is from the Rowan No. 1 Elliot, 
Sec. 17 R. 37 E. T. 22 S., Lea County, New 
Mexico at a depth of 3871 feet. This well 
is a number of miles east, or back, of the 
late Capitan reef front. From subsurface 
correlation, the core probably is early 
Capitan or late Grayburg in age. This speci- 
men was sent to Dr. C. O. Dunbar of Yale 
University who reports in a letter of Feb- 
ruary 15, 1939 as follows: 

The brachiopod is the posterior part of a dorsal 
valve of one of the Orthotetinae. It is very close, 
if not identical, with Orthotetes guadalupensis 
Girty which was described from the Capitan 


limestone. Girty emphasized that the distinctive 
features of that species were the extreme fineness 


1 Published by permission of the Amerada Pe- 
troleum Corporation. 


of the ribs and the lack of fasciculation which is 
so common in this family. The specimen you sent 
is somewhat larger than the types and is so in- 
complete as to leave the identification somewhat 
uncertain, but the shape appears to be right and 
the ribs are extremely fine and even as they were 


described by Girty. 


The other specimen, a gastropod mold, 
came from the Amerada No. 2 Leck, Sec. 3, 
Block 74, Public School Lands, Winkler 
County, Texas. This well is immediately 
back of the reef. The core came from 3117 
feet, probably at about the transition be- 
tween the bedded Carlsbad and the true 
Capitan reef limestone. 

This specimen was sent, with the New 
Mexico brachiopod, to Dr. Dunbar who 
forwarded a squeeze of it to Dr. J. Brookes 
Knight of Princeton for study. Dr.. Knight 
reported: 

I have examined the squeeze and compared it 
carefully with squeezes from the Whitehorse 
gastropods. Subject only to some imperfections 
in preservation of surface details, I do not hesi- 


tate to identify the specimen as belonging to 
Murchisonia gouldii Beede. 
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This note is written with the intention of 
putting these data on record, and it is per- 
haps out of place to draw any inferences. 
Nevertheless, it is particularly noteworthy 


to record the presence of a Whitehorse fossil 
in limestone which seems to be definitely 
of Capitan age. 


NEW NAMES FOR WECHES OSTRACODA 


A. H. SUTTON AND JOHN R. WILLIAMS 
University of Illinois, Urbana, Illinois 





R. MORTON B. STEPHENSON, Louisiana 

State University, and Dr. H. N. 
Coryell, Columbia University have called 
attention to certain taxonomic irregularities 
in a recent paper by Sutton and Williams 
(1939). These involve two cases of homon- 
ymy, and the genotype of Cytherella. We 
(1939, p. 569) proposed the name subovata 
for a species of Cytheridea. This name was 
used by Ulrich and Bassler (1904, p. 124) 
for a Maryland Miocene species, which 
was later reported from the Arca zone of the 
Choctawhatchee formation of the Miocene 
of Florida by Howe et al. (1935, p. 11) and 
from the Florida Miocene by Stephenson 
(1938, p. 134). We are herein changing the 
name to Cytheridea (Haplocytheridea) bas- 
tropensis Sutton and Williams. We also 


proposed the namé spinosa for a species of 
Cythereis (1939, p. 563). This name is pre- 
occupied by Lienenklaus (1900, p. 516). 
We are changing it to Cythereis wechesensis 
Sutton and Williams. Alexander (1929, p. 
47), whom we followed, was in error in 


selecting Cythere compressa Miinster as the 
genotype of Cytherella because Ulrich (1894, 
p. 684) previously had designated Cytherina 
ovata F. A. Roemer as the genotype. 
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CALIFORNIA CRETACEOUS MOLLUSKS, CORRECTION 
W. P. POPENOE 
California Institute of Technology, Pasadena, Calif. 





N JULY, 1937 (Popenoe, 1937, p. 394), 

I proposed a new pelecypod genus Calva to 
include several Cretaceous venerid species, 
including ‘‘ Venus’’ varians Gabb and “‘ Mere- 
trix’’ nitida Gabb of the Upper Cretaceous 
of California and ‘‘ Meretrix’’ umzambiensis 
Woods from the Upper Cretaceous of 
Pondoland, east Cape Province, South 
Africa. I have since learned that M. um- 
zambiensis Woods is the genotype of 
Trigonocallista Rennie (1930). Dr. Rennie 
has examined specimens of Calva regina 
Popenoe, genotype of Calva, which I sent 
to him, and confirms my opinion that C. 
regina and Trigonocallista umzambiensis 
(Woods) are congeneric. Calva Popenoe, 


1937, therefore is a synonym of Trigonocal- 
lista Rennie, 1930. 

Under the discussion of Turritella iota in 
the same paper (Popenoe, 1937, p. 401), I 
referred to Turritella whiteavesi Anderson 
and Hanna. This reference is an error and 
should be Turritella parallela Anderson and 
Hanna (1935). 
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Geology, South Dakota School of Mines, 
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ogy, University of Wisconsin, Madison, 
Wisconsin 

Upp, Jerry E., Amerada Petroleum Cor- 
poration, Box, 2040, Tulsa, Oklahoma 

Upson, Martin E., Gulf Oil Corporation, 
Box 1290, Fort Worth, Texas 

VAUGHAN, T. WAYLAND, 3333 P Street, 
Washington, D. C. 
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Gis- 


ERRATUM 


The following correction should be made 
in the paper by Mr. J. B. Garrett on ‘Some 
Middle Tertiary smaller Foraminifera from 
subsurface beds of Jefferson County, 
Texas,’ which appeared in the Journal of 
Paleontology, volume 13, number 6, p. 575: 
The sentence which reads “‘All of the species 
herein described were taken from a core 


from Stanolind Oil and Gas company no. 
B-2 Pipkin, Big Hill Prospect, Jefferson 
County, Texas’’ should read, “All of the 
species herein described were taken from 
cores from Stanolind Oil and Gas company 
no. B-2 Pipkin, Big Hill Prospect, Jefferson 
County, Texas.” 





Verlag von Gebriider Borntraeger in Berlin W 35 Deutschland 





Fortschritte der Palaontologie. j.eparea under direc- 
tion of O. H. Schindewolf, Berlin, with aid of numerous specialists. Vol. 1— 
Review of the years 1935-1936, contains 384 pp., 2 figs. Price, RM 29.60. 


Fortschritte der Palaontologie is intended to be a biennial publication indicating significant 
advances in paleozoology and paleobotany by means of critical summaries and discussion 
of the most important works issued in successive two-year periods. The first volume, now 
available, covers literature of 1935 and 1936, and provides a comprehensive view of the 
present status of paleontological research. 


Palaontologie, Entwicklungs- und Vererbungslehre (Paleontology, Evo- 
lutionism and Genetics) by O. H. Schindewolf; contains 108 pages, 34 text 
figures; published 1936. Price, RM 5.20. 


This volume develops from paleontological observations and theoretical considerations 
a new orientation of studies on evolution, Critical inquiry on questions of evolutionary 
factors and a refutation of Lamarckian theories leads to accommodation of previously 
divergent views on evolution and heredity. 





Detailed descriptions and prospectuses free 








BACK VOLUMES AT HALF PRICE 


Members and associate members of the Society of Economic Paleontologists and Mineralogists 
and of the Paleontological Society and subscribers of the 


JOURNAL OF PALEONTOLOGY 


will be privileged for a limited time to purchase complete Volumes 2 (1928) to 11 (1937) at 
the very special price of Three Dollars ($3.00) per volume. This offer represents a 50 per cent 
discount from regular prices and gives opportunity that should not be overlooked. Furthermore, 
only part of the supply of back volumes will be sold at this price. The stock of Volume 1 is 
exhausted, but any others can be purchased. Place order promptly if you wish to secure discount 
because this offer will be withdrawn as soon as allotment of copies is exhausted, 

Members and associate members of the Society of Economic Paleontologists and Mineralogists 


and subscribers of the 


JOURNAL OF SEDIMENTARY PETROLOGY 


may purchase, for a limited time, complete Volumes 1 (1931) to 7 (1937), at half price, One 
Dollar and a Half ($1.50) per volume. 


SOCIETY OF ECONOMIC PALEONTOLOGISTS AND MINERALOGISTS 
Box 979, Tulsa, Oklahoma 


























Left, Spencer Doublet Magnifier; right, Spencer Triple Aplanat. The drawings show the lens system. 


-_ optical quality distinguishes 


these Spencer Magnifiers 


Two types of hand magnifiers—each available in a range of six dif- 
ferent magnifications—are produced by Spencer to meet the multitude of 
uses which are served by these handy instruments. 

Spencer Triple Aplanats are corrected both spherically and chromati- 
cally and are noted for their large, flat field, brilliance and long working 
distance. 


Spencer Doublets, although not as well corrected as Triple Aplanats, 
give excellent central definition. 


Both are characterized by the same high optical standards which dis- 
tinguish Spencer microscope objectives. 





HAND MAGNIFIERS in folding case (6X, 9X, 12X, 15X, 18X, 24X magnifications) 


Available in plain black enamelled 
mounts for use in dissecting micro- 
scopes at $1.00 less. 


Triple Aplanats 
Doublets 











Write Dept. C56 for further details 


Spencer Lens Company 


MICROSCOPES REFRACTOMETERS 
SPENCER COLORIMETERS 


MICROTOMES 
PHOTOMICROGRAPHIC SPECTROMETERS 
ery 


EQUIPMENT PROJECTORS 
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SPECIAL SALE 


Revised List 
A.AP. G. BULLETIN BACK ‘VOLUMES 
_ The Industry's Authority in Petroleum Geology" 


The demand for back volumes of the A.A.P.G. Bulletin has exhausted the supply of some 
issues and’a few are unavailable even at premium prices. In’ several years, however, large 
boa were oer wege and there are on hand at headquarters certain emg ag and cloth-bound 

now be purchased at specially attractive prices. of these copies are 
as‘new; a few have slightly soiled covers. The text and oer are 
a gy 


va rina Scietclots athe te Bb the nace siberian ce sompenen ond 
copies. The Wick dend are the cont tei all, payable in advance, postage free. 


This is a sale of Bulletin volumes (calendar-year basis: January-December) ; not of single 
monthly numbers. One volume, or as many as desired, may be purchased. The Aseociation 


} reserves the right to discontinue this sale at any time. 


a ere Volumes 
Vol. V (1921)—Ne. 1 missing. Pp. 113-724 
Vol. VI (1922)—No. 1 missing. Pp. 65-600 
Vol. VII (1923)—Nos. 2, 3 and 6 missing. Pp. 1-93; 331-602, 3.00 
Vol. VIII (1924)—No. 2 missing. Pp. 1-134; 269860 
Vol, IX (1925)—Nos. 1, 2, 3 missing. Pp. 359-1319. Salt- 
, dome papers 
Vol. X<(1926)—No. 2 missing. Pp. 1-103; 205-1339. Salt- 
dome papers 


Vol, XIII (1929)—1612 pp., complete 

Vol. XIV (1930)—1610 pp., complete 

Vol. XV {1931)—1476 pp., complete 

Vol. XVI (1932)—No. 6 missing. Pp. 1-532; 629-1378 


Clothbound Volumes, Gold Stamped 
Members and associates who paid dues in 1927-1931 are 
entitled to clothbound volumes (only cant Pe Fone 
per member) at $5; second copies at $6. 
Vol. XI seer) Ay complete. Includes several 


On fuabe Vel. papers in Struc. Typ. Amer. sss porn 


Vol. a Ae) 1304 PP- compliers: hy of So Symposium 
on Pennsylvanian-Permian Stratigraphy of Southwestern . 
United States . 6.00 17,00 
17,00 


17.00 

Vol. XV--(1931)—1476 pp., Soa audi, $ 

of Plains of Southern Alberts and Symposium 

physics 6. 17.00 
23 VOLUMES OF THE BULLETIN HA HAVE BEEN PUBLISHED (1917-1999) 


vases OF DUET NOT MeL Sa ee tal eee a: 


THE AMRRICANS ASSOGaATION OF PETROLEUM GEOLOGISTS 
BOX 979, TULSA, OKLAHOMA, U.S.A. 











